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The Bell System’s new automatic method of adjusting telephone 
ringers uses a beam of light passing between the gongs to a photo 
electric cell. When test currents are applied to the ringer the 
machine decides whether to change the spring tension or the mag 
netic pull. After each change it tests again until the ringer is in 
perfect adjustment—and the whole procedure takes only 30 seconds, 


It tells your “RINGER” when not to ring! 


To you, it’s your familiar telephone 
bell. To telephone engineers, it’s a 
“ringer.” And it has two jobs to do. 
It must ring, of course, when someone 
calls you. And it must overlook the 
numerous electrical impulses which do 
not concern it, such as those sent out 
by your dial. 


Ability to respond to some impulses, 
to ignore others, requires exact adjust- 
ment between the pull of a magnet and 
a spring. If they are out of balance your 
telephone might tinkle when it oughtn’t, 
or keep silent when it should ring. 


In the past, adjustment was made by 
hand, little by little until the proper 
setting was reached. It took time. But 
now Bell Laboratories engineers have 
developed a machine which adjusts new 
ringers perfectly, before they leave the 
Western Electric Company plants where 
they are made. And the operation takes 
just 30 seconds. 


This is another example of how the 
Laboratories work constantly to im 
prove every phase of telephony—keep 
ing the costs low while the quality of 
service grows higher and higher. 


BELL TELEPHONE LABORATORIES 


Working continually to keep your telephone service one of today’s greatest values 
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The Draft Deferment Policy 
for College Students * 


By RALPH COOPER HUTCHINSON 
President, Lafayette College 


This statement by President Ralph Cooper Hutchinson, of Lafayette 
College, was made in defense of President Truman’s executive order estab- 
lishing a college student draft deferment policy based on high scholarships. 


“Despite the well-reasoned statements 
of the President and Gen. Hershey, the 
distinguished university presidents Dodds 
and Conant still insist that ‘a system of 
calling up all members of an age group 
who are physically fit is in accord with 
American ideals of democracy.’ They 
deplore the deferment of college men 
with high qualifications, a deferment 
which is only to prepare these men for 
more effective service in the armed forces. 
This insistence is distressing because 
these university presidents are taken by 
the public to speak for American educa- 
tion. They themselves make no such 
claim but their very eminence and dis- 
tinction serve to create that impression. 

“American democracy has _ never 
claimed that all men should be regi- 
mented in the same pattern, do the same 
thing at the same time, assume the same 
precise responsibilities in an emergency, 
or be enslaved by equalitarian socialism. 
American democracy has, on the other 
hand, insisted that each man should do 
his part, that part for which he is best 
fitted, and in the time and manner which 
best serves the needs of our nation and 
our society. 


The Dominant Force 


“We are in what is either an all-out 
war or a protracted mobilization calcu- 


* A reply to Presidents James B. Conant 
| and Harold W. Dodds. 


lated to prevent world war. For the 
winning of either and the establishment 
of world peace, we know we must have 
unprecedented industrial production. 
This conflict may be won by the nations 
achieving the greatest scientific progress 
based upon the soundest and most ex- 
tensive research. The fire-power so pro- 
duced, and the transportation to be de- 
veloped will require the finest and most 
mature skills for their strategic use. 
Moreover, it is clear that the idealogical 
aspects for this conflict may be the domi- 
nant force and the determining factor. 
As none before, this will be a contest of 
production, science, research, skill, and 
leadership in action and ideas. 

“This means that any immediate ex- 
pedient which cuts off the development 
of such skills and leadership is suicidal. 
First and primary consideration in plan- 
ning for victory and for the successful 
preservation of our freedoms should have 
been the unhampered and uninterrupted 
training of scientists, production men, 
medical men, engineers, and qualified 
leaders for the armed forces and for the 
civilian programs. First measures on the 
part of politicians, militarists, citizens and 
educators should have preserved that 
thin red line of training of the best stu- 
dents available. First compulsion should 
have been that these men be required, not 
permitted, to continue their preparation 
for maximum service in this war. 
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“The statement of these university 
presidents to the effect that the colleges 
and the college students do not want 
preferential treatment is correct. But 
it should make no difference to us what 
the colleges or the college students want. 
This mobilization economy should be 
planned intelligently for the attainment 
of victory for the forces of freedom. 
Students qualified and able to study 
should be prepared for their greatest 
ultimate usefulness to the armed forces. 
When they are ready they should be put 
where they are most needed. This is 
more nearly the true ideal of American 
democracy. 


Intelligent Use of Skills and Abilities 


“To insist, for example, that a bril- 
liant medical student should delay his 
training for two years or more to carry 
a gun when he might otherwise go on to 
the completion of his medical and surgi- 
cal skills is a stupid interference with 
the sound prosecution of war itself. It 
will not hurt the student concerned but it 
hurts the nation. And it is unfair to 
the men who will be in the front lines, 
deprived thus of one more desperately 
needed surgeon. 

“The confusion in Congress and in the 
colleges is due to the fact that there has 





been no clear recognition of the primacy 
of education for the winning of the war, 
Apparently university presidents are 
afraid of their own truth for they above 
all others have failed to enunciate this 
need for trained men in a great national 
emergency. Devices for popularity with 
the voters, the public, the labor unions, 
the newspapers, and with government 
officials have obscured our national 
vision. 

“Tt is time that everyone lay aside 
political considerations and concern for 
popular acclaim and think straight 
through to the defeat of our enemies and 
the enemies of free nations. It is time 
that we insist on the immediate, un- 
interrupted and increased training of 
doctors, surgeons, engineers, scientists, 
researchers, and leaders for all phases of 
military and civilian activity. 

“This can be done without impeding 
the mobilization for the present conflict. 
Let’s get away from this silly debate 
over socialistic equalitarianism, turn 
every man to his own task—even the stu- 
dent—let us push ahead, win this war, 
beat down this surge of human enslave- 
ment, and so establish peace on the 
earth. Such a program is much nearer 
to the true meaning of American 
democracy.” 
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The Engineer, The Machine Age, and the 
World of Tomorrow* 


By PHILIP SPORN 


President, American Gas and Electric Company 


It is commonly accepted that the in- 
dustrial revolution was initiated in Eng- 
land and that it began roughly with the 
development of Newcomen’s engine of 
1705 and more definitely with the im- 
provements made by Watt about 1774. 
At first this made it possible to do away 
with human labor for such backbreaking 
tasks as pumping and hauling. Then 
eame the mechanization of scores of in- 
dustrial activities: spinning, weaving, 
fabricating, and many others. And, be- 
cause the power for these industries had 
to be developed in large units, the de- 
velopment of the engine eventually led 
to centralized industrial operations and 
to the subdivision of these operations, 
to large centers of activity and to con- 
centration of population at these centers, 
with some good and many evil conse- 
quences. 

But no such recognition has yet been 
given to the new industrial revolution 
whch was made in the United States of 
America. This revolution is charac- 
terized by machine production, intense 
technological development, intense spe- 
cialization, and a much higher rate of 
production per unit of human effort. 
That is to say, a great increase in pro- 
ductivity. It has been accompanied by 
and has enormously stimulated the 
spreading out of industry beyond the 
large centers. The development of elec- 
trie power and its universal availability 
throughout the United States has been an 
important factor in this revolution. And 


* An address delivered at the 1951 Engi- 
neering Conference, Virginia Polytechnic 
Institute, February 23, 1951. 
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an even more important factor has been 
the relatively negligible cost of the me- 
chanical energy that electric power has 
placed at the beck and call of every 
worker in industry to lift and haul, cut 
and chip, hammer and weld, spin and 
weave, transform and refine, and to 
carry out the myriad operations in pro- 
ducing the profusion of goods and serv- 
ices available today. 

As a direct consequence of this new 
industrial revolution, we have a stand- 
ard of welfare unequaled in history. 


American Achievement 


Let us look at what has happened 
here in the United States over the past 
twenty-five years. In a small table I 
have compressed into four groups, A to 
D, a number of indicators of the change 
in the standard of living during this pe- 
riod. In Group A I have placed two 
fundamentals—life span and health care. 
Group B, covering the next four items, 
shows the data on national income, wages 
earned, hours worked and the consumers’ 
price index. Group C includes three 
typical items commonly thought to rep- 
resent amenities of living—passenger car 
registrations, telephones and radio sets 
in use. And finally, in Group D I have 
given data on two of the fundamental 
factors upon which the others, more im- 
mediately representative of the stand- 
ard of living, are dependent: electric 
power production and steel production. 

These indicators reflect a most re- 
markable achievement in the history of 
the advancement of human welfare. 
Who can fail to be impressed by the 
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Some INDICATORS OF THE CHANGE IN STANDARD OF LIVING IN THE UNITED StaTEs, 1925-1949 
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Group 1925 1949 % Change 
A. Average Male Life Expectancy at . | 
Birth in Year Indicated | 57.8 Yrs. 65.4 Yrs. | + Is 
Hospital Beds per 1000 Population | 6.9 9.9 (’47) | + 43.5% 
B. National Income (Billions) 76.0 221.5 | + 192.0% 
Average Weekly Wages, Manufac- 
turing Production Workers $24.37 $54.94 + 125.0% 
Average Weekly Hours, Manufac- 
turing Production Workers 44.5 39.2 — 11.9% 
Consumers Price Index (1935-1939 
= 100) 125.4 169.1 + 34.9% 
C. Passenger Car Registrations 17,439,701 35,904,770 + 106.0% 
No. of Telephones (Total U. S.) 16,935,918 40,709,398 | + 140.0% 
No. of Completed Calls Per Capita 194.9 355.4 | + 82.5% 
No. of Radio Sets in Usein U.S. | 4,000,000 | 81,000,000 | +1,950.0% 
D. Electric Power Production, Total- 
Billions of Kwhrs. | 84.7 344.5 + 307.0% 
Electric Power Production, Total- | 
Kwhrs. Per Capita | 743 2,310 + 211.0% 
Steel Production—Short Tons | 45,393,524 | 77,978,176 + 71.8% 
Steel Production—Tons Per Capita | 391 |} .621 + 33.3% 








fact that in the quarter century 1925- 
1949 average life expectancy increased 
13% and average weekly wages went up 
125%, while weekly hours went down 
12%. Or by the striking increase of 
211% and 33% in per capita production 
of electric energy and steel—both of 
basie importance? 

And yet, remarkable as this accom- 
plishment is, there certainly can be no 
question that all is not well with us as 
individuals or as a nation, nor with the 
world as a whole. Among individuals, 
even in this country, there is no gen- 
eral happiness; in the nation there is 
no pervading satisfying and strength- 
giving pride of achievement with confi- 
dent hope for the future; and abroad 
there is no peace, in many quarters al- 
most no hope. Some would go so far 
as to say that no hope is being held out 
for the Western system of civilization— 
for all of Western man. 

How are we to work our way out of 
the deep morass we seem to have gotten 
into? How are we to bring under con- 





trol the forces we have let loose? If 
it is a fact that our difficulties lie in 
the failure of our economic, social and 
moral ideas to keep pace with the growth 
of technology, can we find our way 
back by declaring a moratorium on s¢i- 
entific and technological research and 
development? That has been suggested. 
Perhaps, it has been said, we can retrace 
our steps and set up islands of primi- 
tive simplicity and self-sufficiency. Is 
that the answer? Or is the answer an 
escape into other worldliness and _ the 
pursuit of a course that would through a 
religious revivalism lead to the replace- 
ment of our present civilization by a 
“World wide and enduring reign of the 
Chureh Militant on Earth”? That has 
been proposed by Toynbee. 

I must admit that I cannot see any 
salvation in a return to ancient ways. 
It seems to me that we cannot go back. 
If one examines figures of energy, pro- 
duction for the civilized countries of the 
world, one finds startling discrepancies 
in individual use. Whereas, for ex- 
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ample, the kilowatt-hours produced per 
capita of population is around 2500 in 
the United States, it is a pitiable 2 in 
Pakistan, 4 in China, and only 14 in 
India. 

What does this mean? Just this: On 
the average each human being in a coun- 
try as technologically advanced as the 
United States has at his call 2500 kilo- 
watt hours per year. In the less tech- 
nologically developed countries the cor- 
responding figure is not 1/20th of that 
value in some of the better cases, and as 
little as 1/100th in the worst. As a con- 
sequence, in those countries the human 
being is reduced to the role of an energy 
producer. But how can you reconcile 
man’s humanity or his having been 
created in the image of God with the 
idea of valuing him and using him pri- 
marily as an energy producer? Keep in 
mind that the average healthy human 
being so used can at best produce 1 kilo- 
watt-hour in the course of a twelve hour 
working day. No, it seems to me that a 
return to the path of pre-industrial de- 
velopment is not going to make things 
right. On the contrary, we must con- 
tinue on the road along which we can lift 
heavy toil from the back of man. 

Nor does the answer lie, it seems to 
me, in any religious revivalism. That 
does not mean a denial of the place reli- 
gion and religous experience can occupy 
in the growth and enrichment of the 
human spirit. But I am convinced that 
such dislocations and maladjustments as 
we suffer from cannot be cured by neg- 
lecting them and going off into another 
sphere, by—to borrow an engineering 
term—mixing dimensions. 


Which Way to Human Progress? 


What, then, is the answer? Which di- 
rection can we travel? If we cannot go 
back to primitive simplicities—and bar- 
barities—and if we cannot escape into 
a world of other-worldliness—then there 
Is only one route left: continuation 
along the same route we have been travel- 
ing, the route of industrialization and 
mass production. But, if we follow that 
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course, will that not lead to disaster— 
some of it almost directly ahead? I am 
deeply convinced that need not be so. 
Certainly not, provided we utilize the 
needs and respect the limitations of hu- 
man nature as they have developed since 
the dawn of history, and provided we 
take advantage of the possibilities of en- 
larging both raw material supply and 
production, and the improvements in 
social relationships as these have been 
elaborated and tested by human experi- 
ence. If, in short, we bring to our side a 
dynamic concept of human capability, 
if we test it realistically as we go along 
and if we carry it forward with faith in 
ourselves and in human progress and 
our ability to promote that progress. 

In her book on the problem of survival 
facing the west, Barbara Ward observes 
that the ideas and aspirations of Western 
man are far from materialistic. They 
are in fact the most startlingly spiritual 
forces that have even affected society. 
Starting with an essentially static world 
there emerged some 3000 years ago new 
forces which wrought probably the most 
radical transformation of the human 
race since man became recognizable man. 
These are the Graeco-Judeo-Christian 
ideas which are the heritage and foun- 
dation of our modern Western civiliza- 
tion and in which the basic Greek con- 
tribution was rational vision and the 
Judeo-Christian contribution was moral 
vision. Out of that there grew man’s de- 
sire to transform—and his belief in his 
ability to realize that desire; his desire 
to create; and his desire to seize on nat- 
ural circumstance and to change and 
mold it to the use of man. Looked at 
from this perspective, it is the ideas of 
our Western civilization which stand out 
as the truly revolutionary ideas of the 
world and these are the ideas which must 
be carried forth if salvation is to be 
brought to man. 

Shall we, then, retrace our steps? De- 
nounce the industrial revolution? Try 
to arrest the second industrial revolu- 
tion which in my view has already been 
going ,on a long time? Some, like 
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Norbert Wiener, think we are only head- 
ing into the second industrial revolu- 
tion, but I like to think that it began 
some 25 years ago and what we are head- 


ing into now is merely its full develop-. 


ment. This development is going to 
carry to much greater heights the present 
mass production techniques. Automati- 
zation, of which we have seen a good 
beginning, will, during this phase, be car- 
ried much further, aided by the use of 
such devices as the computing machine 
and the vacuum tube. We ought to en- 
courage these trends and developments. 
At the same time, we need to give them 
leadership. 


Authifarianism vs. Leadership 


Where and how shall we get that 
leadership? It is not likely that we shall 
get it from those scientists and social 
scientists who use a secure position of 
authority in their own special sphere as 
a springboard for pronouncements about 
the world at large. Atomic energy has 
given us some good examples of this 
habit. Since Hiroshima there has been 
a great preoccupation with peacetime 
uses of nuclear energy—and a_ vast 
amount of nonsense on the subject by 
specialists whose knowledge of the world 
was too limited to furnish them with a 
sufficiently broad perspective. 

We are told by these authorities that 
if only man were perfect he could now 
realize all the benefits of an atomic 
cornucopia, do away with want and dis- 
ease and secure riches for all. Or again 
that the world can be set free by the 
atom if only the world will first set both 
itself and the atom free. The use of 
atomic energy for bombs, we are warned, 
has been allowed to compromise the very 
necessary potentialities of the long time 
use of atomic power to replace oil and 
coal which it is said are within centuries, 
if not decades, of exhaustion. 

It is obvious that these views—taken 
from a variety of sources, which should 
be responsible—have this unifying trait: 
they ascribe almost supernatural powers 
to atomic energy that simply are not 








there. Because, stripped of its nuclear 


physics or the complex chemistry of its | 


separation, and even more of the rhap. 
sodie worship it has inspired, plutonium, 
U235 or U233, if any of them find us 
in production of energy, will find appli- 


cation to replace conventional fuels | 
True, if we can only bring about the 


solutions of a number of very difficult 
engineering and economic problems, they 
may become most superior fuels. Highly 
concentrated—one pound being capable 
of developing heat equivalent to that of 
fifteen hundred tons of bituminous coal 
—such fuel would be easily transporta- 
ble. It thus holds out hope of becoming 
a universally available fuel; and, perhaps, 
a more economical fuel than coal, oil, o 
gas. The development of nuclear fue 
may, therefore, bring lower-cost heat 
energy and particularly lower costs of 
generation of electric energy. 

Is that important? Yes, very. But 
only to the extent that lower-cost fuel 
is an important item in the cost of ele 
trie energy. That means, therefore, that 


it would be very important in such op.) 


erations -as producing aluminum, mag. 


nesium, chlorine or titanium, and of al; 
most no direct importance in ordinary in-| 
dustrial operations or in household us| 
But this admitted importance is hardly) 


such as to warrant an assignment to the 
development of atomic power of a value 
as cosmic as those cited. 

Admittedly, atomic energy lends it 
self to a certain amount of ethereali- 
tion. In matters more familiar w 
should logically be more stable. But # 
there anything less realistic than th 
fetishism with which many have sit 
rounded hydro-electric power and whic 
is summed up in the remark of an other 
wise responsible economist who asserl 
that steam-electric power is aristocralit 
while hydro-electric power is democratit 


Scientists, Engineers and World 
Problems 


The remarks of scientists and sotif 





scientists to which I have been refertinly 
suggest a rather serious lack of comprt 
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hension on their part of the material 
world of today. One would expect that 
the very particulars in which their under- 
standing is most inadequate could best 
be supplied by the engineer. After all, 
he is the one who developed and applied 
the machine technology which is the 
Western world’s most conspicuous char- 
acteristic. One wonders why he does not 
have a larger share in providing the 
leadership which that world so desper- 
ately needs. Actually engineers are 
hardly represented at all in leading 
roles in public affairs. 

The Cabinet of the most powerful 
democratic nation does not include a 
single engineer. In the 8lst Congress of 
the United States there were only 7 engi- 
neers out of 432 members, while the 
legal profession, for example, furnished 
259 men. There were only 5 engineers 
in the Senate, as contrasted with 66 
lawyers. Or consider the sobering fact 
that among the commissioners of the 
three perhaps most important adminis- 
trative bodies in the executive branch of 
the government—the Securities and Ex- 
change Commission, the Federal Power 
Commission, and the Atomic Energy 
Commission—there is only 1 engineer, 
who serves on the Atomic Energy Com- 
mission. 

I do not pretend to know what ac- 
counts for the engineer’s aloofness from 
public activities. Perhaps it is simply 
that the environment of politics—in the 
best sense of the term—is too alien an 
atmosphere for one who has been taught 
to believe that the world is composed of 
solid facts, that its variables can be bal- 
anced by contingency factors and that 
any compromise is questionable. What- 
ever the ultimate cause, it seems to me 
that engineering is not widely repre- 
sented in public affairs because engi- 
neers, consciously or unconsciously, have 
elected not to make the effort necessary 
to become involved. This condition 
ought to be corrected if, as I believe, the 
engineer has been and is the instrument 
through which the second industrial 
revolution is being accomplished. 
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Broadly speaking, responsibility for 
this inertia of engineers in public af- 
fairs, rests with the present generation 
of practising engineers. In saying this 
I mean that in the final analysis it is they 
who must be held responsible for the 
condition of our technical schools. They 
are the ones who propagate the new gen- 
eration, and they propagate in their own 
image. What are they setting up as 
their image? In general, the definitions 
of engineering adopted by engineers 
stress the technical aspects of the field, 
and frequently along quite a narrow 
beam. The engineer thus restricts him- 
self to the cramped role of technician. 
He does not even allow himself the 
breadth of field that goes with the con- 
cept of technologist. 


Education and Outlook 


Where does this narrowness of view 
and aim start? At least as far back as 
the beginning of the future engineer’s 
technical education. It may well go far- 
ther back and have its beginnings in the 
preparatory or high school. It may very 
well be that here is molded in almost 
permanent form the ideas that engineer- 
ing consists solely of the application of 
science to the design, construction and 
operation of machines and equipment or 
to the carrying on of process “for the 
aid and convenience of men”; that those 
studies and interests which contribute 
directly to these stated aims are proper 
and should be encouraged; and that other 
studies and interests are not only divaga- 
tional but are somehow soft and incon- 
sistent with such an obviously manly 
profession as engineering. 

If that is so, then as far back as the 
upper levels of our preparatory schools 
it is necessary to introduce curricular 
changes which will emphasize the poten- 
tial breadth of engineering and the engi- 
neer’s role, and stress the socio-economic 
usefulness and importance of technolo- 
gists in modern society. The future en- 
gineer must be made to see not only that 
he will join a profession of technologists 
but also that he should become an in- 
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fluential member of the much broader 
group who together are the architects of 
social progress, a circumstance that gives 
them boundless opportunities. 


Equally important, we must make it. 


clear that the very magnitude of the 
potentialities imposes heavy responsibili- 
ties on those who as educators under- 
take the task of molding and guiding the 
development of our future engineers. 
For it is the teachers in the preparatory 
schools who can best plant the idea that 
the role of the engineer is fully con- 
sistent with knowledge and understand- 
ing of the social sciences and the arts. 
As a matter of fact, I think the case 
warrants much stronger statement. A 
thorough grounding in the humanistic 
disciplines is indispensable to the engi- 
neer’s full development and to his as- 
suming any real leadership in the world 
of today. 

The place to begin on this new road 
is the secondary school, but that is only 
spadework. The real work must be done 
in the engineering college or technologi- 
cal institute. And this will be impossible 
unless we recognize squarely that by and 
large our engineering education has 
tended altogether too heavily toward the 
vocational. The curricula in the schools 
that propose to train engineers in the 
fullest sense must be broadened; more 
time should be devoted to social sciences 
and humanities. This may mean a reduc- 
tion in time devoted to the specific engi- 
neering subjects—the subjects which are 
supposed to impart practical know- 
how. But, if a choice has to be made 
between this know-how and the acquisi- 
tion of broadly based knowledge of so- 
ciety, past and present, the answer should 
not be difficult. Not know-how, but an 
understanding of the process for acquir- 
ing know-how and how to use know-how 
is what we have to aim at. 

The last, it seems to me, is of partic- 
ular importance. There is a general 
feeling, certainly prevalent in the United 
States, that we have in the past ab- 
sorbed too many facts and thought about 
them too little; this applies with par- 
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ticular pointedness to engineers and engi. sa 
neering education. A great Polish scholar | . 
and philosopher who lived and taught al 
among us for many years first pointe that 
out some 30 years ago that the essential Ne 
characteristic that differentiates man eee 
from plant and animal life was that, vith 
whereas plants possess chemistry bind. pre 
ing abilities and animals space binding ioe 
qualities, man is the only creature m This 
earth who possesses the unique capacity the ¢ 
to accumulate knowledge. The engi the 
neer trained in science and engineering each 
is apt to over-idealize this time binding ural 
characteristic of his profession. Fo tions 
there also exists in human experience urally 
much knowledge that is non-cumulatiye many 
in the sense that the engineer’s analyti- upon 
cal methods and procedures, equations, along 
formulae and tables are completely cumi- perens 
lative. |The knowledge relating to liters | doing 
ture, philosophy, musie and art is of af from 
quite different and infinitely less pal ajco ¢ 
pable kind. The broadening experiene  tytion 
of these, no less than strictly technial® worke 
study, is needed by engineers who watt) neers 
to assume a part in leadership in th jp the 
world of tomorrow. - nevert 
A significant step in expanding th) profes 
scope of engineering education has beet} pot q 
taken within the past year. Several oi) though 
our leading universities had already rf stone { 
onstrated that the integration of techni- “respo! 
eal schools within the university com This 
munity, and the resultant close associ Becaus 
tion between technology and the liber!— ment a 
arts, can do much to increase the ¢§ advane 
fectiveness and vitality of all concerneif lose an 
The new step is an extension of thi sion a 
idea. The idea is to enable the Insi® when ¢ 
tute to broaden and deepen its activilié fail to 
in these fields and to educate men tokf enginee 
effective citizens as well as effective p— able to 
fessional engineers—to be, in ofht§ develop 
words, technologists and engineers al 
not mere technicians. 





The mechanism for gaining this o> 
jective need not necessarily be the salt 
in other engineering institutions, bi 
the basic idea needs to be developed a 
implemented by many more schools. ! 
haven’t any doubt that only after by 
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is done will we succeed in establishing 
a satisfactorily broad foundation for 
training the better rounded engineers 
that the future demands. 

Nor can any program for enlarging 
the scope and vision of our engineer stop 
with the schools. The present genera- 
tion of mature and successful engineers 
have a responsibility in this process also. 
This involves the closer integration of 
the engineers with one another and with 
the professional schools and colleges: 
each with his own alma mater, most nat- 
urally, but also with the other institu- 
tions that his work and practice nat- 
urally bring him in contact with. So 
many engineers of outstanding ability, 
upon reaching maturity, rush headlong 
along a road that will keep them as far 
away from engineering as possible. In 
doing that, they separate themselves 
from engineering and engineers, and 
also from their problems and the insti- 
tutions where these problems are being 
worked on. While many of the engi- 
neers in this group would be emphatic 
in their denials of any such intent, they 
nevertheless generally imply that the 
profession and practice of engineering is 
not quite a satisfying occupation, al- 
though it may be an excellent stepping 
stone to some “higher” or at least more 
“responsible” form of activity. 

This, it seems to me, is a great pity. 
Because I believe that out of such judg- 
ment and action the engineers who have 
advanced in their profession not only 
lose an opportunity for spiritual expan- 
sion and satisfaction, but—and this is 
when the common welfare suffers—they 
fail to give the younger generation of 
engineers what they might otherwise be 
able to transmit of their own growth and 
development. 
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Such men cannot only teach and con- 
tribute by precept and example but also 
have an opportunity to propagate one 
of the most important ideas that needs 
to be implanted in the mind of the young 
and younger engineers—the dynamism of 
engineering. The tendency toward over- 
awing the young engineer with the vast 
amount of accumulated knowledge that 
he has to acquire in turn tends to steri- 
lize his ereative faculties before they 
have had an opportunity to blossom. It 
is the older generation of engineers who 
can furnish out of their experience the 
necessary distillate to avoid such deadly 
thinking and to establish the vitally im- 
portant truth that what an engineer 
learns in his years at school and ,in his 
early years of practice about what others 
have done before him is but a prelude to 
what can be done and what is open and 
possible for him to do as he matures in 
his profession. 

It is the engineer educated in the basic 
sciences, the humanities and the social 
sciences and thoroughly grounded in en- 
gineering principles and ideas, who will 
find opportunities for constructive lead- 
ership. The engineer who is equipped 
initially with enough tools to begin work- 
ing in his profession but who more and 
more relies on new ones that he acquires 
as he goes along—he is the engineer who 
can stay buoyed up by the spirit of 
growth and progress and who ean imbue 
others with this spirit. It is this engi- 
neer, with his knowledge of the machines 
that characterize and make possible the 
world of today, who ean not only help 
create the world of tomorrow but who, 
taking his proper place in public affairs, 
will also help run it for the physical 
benefit and spiritual advancement of 
man. 









Building an Engineering Curriculum 


By JOSEPH WEIL 
Dean of Engineering, University of Florida 


Someone has said that the ideas of a 
bride and a groom differ about weddings. 
So, too, do the ideas of what should 
be contained in an engineering curricu- 
lum insofar as students, alumni, and 
faculty are concerned. 

The Engineering Council for Profes- 
sional Development has given much 
thought to the development of a new 
brochure entitled, “The First Five Years 
of Professional Development.” The first 
line in this book states “The most im- 
portant person in this country today is 
the young man who has potential.” It 
is the purpose of this discussion to con- 
sider what is needed to build an engi- 
neering curriculum to fit his needs so 
that upon graduation he can avail him- 
self of the excellent information, counsel 
and guidance that he can secure from 
books. 

A college curriculum should be de- 
signed so that it gives to the graduate 
an education that enables him to enter 
into his chosen life’s work well-prepared. 
Certainly, it is not the purpose of the 
college curriculum to be a complete edu- 
eation, but rather it should be a basic 
education which will enable him to con- 
tinue to add to his fund of knowledge 
and to grow in his chosen profession. 
Engineering is growing fast, and as it 
grows its literature becomes increasingly 
larger in magnitude and reading it be- 
comes more complex. Only if the educa- 
tional program is planned so that the 
fundamental sciences—physics, chemis- 
try, and mathematics—become basic 
knowledge to the individual, can read- 
ing of technical literature be carried on 
with the necessary facility and interest. 


Curricular Problems 


What courses shall an engineering cur. 
riculum contain? The student for the | 


most part would like to spend his entire 
time in the shop and laboratory and take 
classroom material which deals solely 
with machines and materials. If the en 
gineering alumni group were contacted 
they would indicate that courses in 
speech, economics, psychology, law, ad- 
vertising, humanities, sociology, ete 
should be included in the curricula. The 
comparison of curricula of today with 
those of twenty years ago reveals some 
interesting factors. 


Since the program, in general, is stil 





There seems to he” 
no question but that a large amount of 7 
non-technical material has been included. 7 








a four-year one, it might be thought that | 


these courses have been included at the | 
expense of fundamentals and technic § 


material. I do not believe that this i 
the case. I feel that the courses i 
physics, mathematics, applied mechanic, 
chemistry, are more comprehensive tha 
ever before. Fundamental engineerig 
courses of applied mechanics, therm 
dynamics and hydraulics are given in # 
great detail now as then. 

In planning an Engineering curriet 
lum, we must recognize that only a po 
tion of our students become profession! 
engineers. It is estimated that in Jue 
1949 there were approximately 300,00) 
engineers of whom 150,000 were regi 
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000. It would seem to me that the num- 
ber would be at least twice as great. Has 
an engineering education been a loss to 
these men—unhesitatingly I would say 
“no”? But I do feel that for many of 
these men it would have been better if 
they could have substituted for some of 
the material now included in our senior 
year more non-technical subject matter. 
In this technological world in which we 
live, it would appear that just as there 
is a real place for general curricula such 
as are given in the arts and sciences col- 
leges where gegrees such as Bachelor of 
Arts or Bachelor of Science are awarded, 
there is similar place today in our engi- 
neering schools for a non-professional 
degree which might be called a Bachelor 
of Technology. Such a degree should 
not be confused with the so-called Gen- 
eral Engineering degree which has been 
given, tried, and in many cases dropped. 

The responsibility of the engineering 
college is basically far greater than to 
train the young man for mere technical 
proficiency. It must give him a general 
education that will make him cognizant 
of the underlying factors which affect 
our modern sociological and industrial 
world—for only as a well-educated, pro- 
fessional man can the engineer of today 
assume a place of leadership in modern 
society. If he is to have a voice in the 
control of his brain children, he must be 
prepared, first of all, to be a good citizen. 
A broad and well-balanced curriculum 
should lead not to the production of mere 
technicians but to the making of well- 
rounded professional engineers. Prop- 
erly trained professional engineers should 
be able to bring the findings of the 
laboratory into practical use. As the 
basie scientist uncovers new laws, it is 
the engineer who must make them avail- 
able to mankind in a practicable manner. 
The successful engineer of today must 
not only know how to handle machines 
and materials, but must also be able to 
plan from the economic and sociological 
standpoints as well. To create products 
for an already full market will lead his 
employer to financial ruin. To manage 
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employees in an unskillful manner leads 
to strikes. There is a feeling among 
many educators that we are including in 
our curricula neither sufficient technical 
matter nor enough educational material 
of a non-technical nature. 

What is there about the engineering 
profession which gives us the right to 
believe that we can do by our educational 
process in four years what the other pro- 
fessions take six to eight years to ac- 
complish? It is true that the graduate 
from our engineering school must serve 
an internship in engineering, but I 
think that is also true of most other pro- 
fessions. Should we give a course which 
would lead to a degree of Bachelor of 
Technology in four years and the Bache- 
lor of Engineering degree after about 
two more years of study? I feel that 
this latter bachelors degree in the engi- 
neering subject should cover about the 
same professional content that our pres- 
ent bachelors degree covers but that there 
would be more material given of a non- 
technical and humanistic nature and that 
there would be more time devoted to the 
fundamentals of mathematics, drawing, 
English, physics, chemistry, mechanics, 
thermo-dynamiecs, hydraulics, ete. 

On the other hand, it is not the pur- 
pose of this paper to discuss such a de- 
gree at this time. There are a large num- 
ber of educators who are in sympathy 
with a change of procedure as indicated 
but who feel that they are forced to fol- 
low into paths which have been blazed 
by so many of our eminent engineering 
educators of the past. 

In curricula building, it must be taken 
into consideration that the basic work 
of an engineer is to design or to apply 
a knowledge of design to his work. It is 
probably in this one respect that an engi- 
neer differs from all other professions 
in that he applies his knowledge of the 
basic sciences and the social sciences with 
his skill in order to design or to apply 
design principles. The engineer in 
charge of the construction of a bridge 
must have design knowledge in order 
that he can properly interpret the de- 
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sign which is handed to him; this is also 
true of many persons in operation, man- 
agement, and other fields. If our cur- 
riculum is planned solely to meet this 
definition of an engineer, what can be 
said for perhaps 60% of our graduates 
who enter fields contiguous to engineer- 
ing and who use a minimum of design 
principles? I think that everyone would 
agree that it is not the purpose of the 
engineering educator to eliminate from 
consideration these men, but full cog- 
nizance should be taken of the worth- 
whileness of the work which these per- 
sons are doing and that as we plan engi- 
neering curricula their needs also must 
be met. 
Degree of Specialization 

Another criteria of curriculum build- 
ing is based upon the degree of speciali- 
zation we should try to achieve. Dur- 
ing the past century we have departed 
far from the original concepts of an en- 
gineer and today we are considering 
more and more detailed speciality groups. 
The attitudes of many colleges vary in 
this matter. Some have specialized to 
only a very moderate degree and few 
fields of specialization are offered, while 
in other cases there appears a stagger- 
ing multiplicity of specialties. In some 
eases a form of specialization has been 
carried in another direction in that 
mathematies, physics, and the other basic 
sciences have been held to a minimum 
and what might be termed shop courses 
have been expanded. Under the guise of 
practicality, the program borders upon 
that of the technical institutes. 

Basically, therefore, in setting forth 
certain criteria that we should consider 
in the forming of a curriculum we can 
certainly include the following: 1. The 
curriculum should be planned so that 
the graduate can engage in work in engi- 
neering fields under the direction of ex- 
perienced engineers and can be of defi- 
nite assistance to them in the same man- 
ner as the young physician serves as an 
intern and resident. 2. Furthermore, his 
education should be of such a type that 
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after approximately four years of such 
internship he should be ready for rather 
responsible engineering assignments and 
should be able to appear before the ex- 
- amining board of any of the states and 
be in a position to successfully pass an 
examination for registration as a pro- 


fessional engineer. 3. The engineer, as 
an educated man, must have the ability 
to read and to appreciate the literature 
and philosophy which is so important a 
part of our modern civilization. His 
education should be of such character 
that it will enable the graduate to con- 
sider himself as a professional man who 
ean live and associate with other pro- 
fessional men, discussing with ease and 
confidence the normal problems which 
such men as leaders of a community 
would normally diseuss. It should not 
be limited solely to the mere technologi- 
eal aspects of his profession, but must 
recognize that the engineer as a citizen 
should take his responsibility for the 
governmental functions and social opera- 
tions of the community. 

It has sometimes been stated that the 


principle professional tools of the engi- 7 


neer are five: facts, concepts, principles, 
techniques, and judgment. 
the planning of any engineering cur- 
riculum the first three of these have an 
important place. I think it will ger- 
erally be conceded that the last two are 
secured primarily from the field of ex- 
perience. Many years ago in discussing 
the work of the engineer I stated that 
upon graduation the young engineer wil 
probably be employed on some project 
or in some factory where he will work 
primarily with machines and materials 
If he does his work well, a time may 
come when in order to speed up produt- 
tion men will be assigned to him to assist 
him in speeding up the work. Then he 
must use the best methods of securing 
the best production with these additional 
men. Then, as he successfully performs 
in the new assignment, he will be givel 
more and more administrative respous 
bilities and he will have to consider fised 
matters—money. And so the growth d 
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many engineers is along a path of Ma- 
chines, Materials, Men, Management, 
Methods, and Money. Certainly, the 
handling of these six M’s is part of what 
is termed the engineering method. What 
courses should be inserted in the cur- 
riculum to help the student not only dur- 
ing the first part of his path, but which 
courses will be of value to him as his 
path broadens? 

Another aspect of the planning prob- 
lem which I think should be given con- 
siderable emphasis is that since it is 
generally conceded that design is a very 
unique criteria of the engineering form 
of education, anything which can be 
done to further the student’s design and 
professional consciousness must be con- 
sidered as most worth-while. With this 
in mind, many schools have found that a 
thesis which involves some research or 
design is excellent for motivating the 
student in this general direction. Cer- 
tainly, that student who selects some 
problem which differs from those of his 
colleagues and then endeavors to secure 
information which would enable him to 
write a thesis on the solution of that 
particular problem secures a feeling of 
professional well-being and creativeness 
that he cannot secure from stereotyped 
courses. 


Selection of Major Field 


Certainly a few decades ago, a stu- 
dent chose his major option. Then, 
having selected that option there were no 
electives and the courses that he had to 
take were assigned to him on the day he 
entered college. In the recent years, 
however, there has been a shift from that 
general direction and most of the schools 
do provide some electives. The choice 
of these electives varies with many 
schools. In some cases these are misno- 
mers. While the word elective appears 
in the catalogue, the faculty advisor of 
the student practically forces him to take 
the courses that the department ad- 
vises are needed for that particular field 
of specialization. There is a general 





feeling among educators today that the 
required essentials of every curriculum 
should be held to a minimum and the 
student given the opportunity to elect 
subject material which he feels will be of 
greatest benefit to him. We all recog- 
nize the danger of the student steering 
far away from that field in which he 
should take more work, to clear up de- 
ficiencies. 

But then, too, in many cases it may be 
found that the responsibility for such 
decisions rests in no small measure with 
our own educational system. The engi- 
neering student is a serious one, and I 
think that given proper counsel, he will 
endeavor to build a curriculum for him- 
self which he believes will give him the 
subject material which he needs most for 
suecess in his life’s work. It has been 
our experience in counseling students 
that while at first considerable reticence 
is shown by many men in taking courses 
which we believe they need, by patient 
and continuous counsel most men recog- 
nize their needs and volunteer to take 
the courses. 

The curriculum should be frequently 
studied and revised. However, it should 
not be done so often that the entire 
set-up is in a turmoil at all times. It 
seems that, in general, a curriculum can 
be kept fairly stable for a period of 
about five years, and changes that must 
be affected in that interim should be rela- 
tively minor. I recognize that there are 
many people who feel that instead of 
having a considerable shift of curricu- 
lum material all at one time that it is 
better to have it come in gradually. 
However, over a five-year period the 
total amount of change should not be 
very great and the number of course 
changes should not be too radical if the 
period be limited to this time. 

The Faculty in building a curriculum 
must not overlook the fact that occa- 
sionally an instructor is particularly com- 
petent in some specialty field. When- 
ever this occurs—frequently when a new 
man is added to the faculty—there is 
an immediate urge to place into the cur- 
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riculum a number of new courses in 
specialty fields. This is certainly one 
way in which a curriculum may become 
overburdened with specialties to an ob- 
jectional extent. On the other hand, it 
certainly should not be said that these 
experts should not be given an oppor- 
tunity to present some of their specialty 
work as electives to students who wish to 
elect specialty courses in those fields. 
There is a stimulus and awakened in- 
terest which occurs when people deeply 
imbued with their subject matter en- 
deavor to pour forth their knowledge. 
This type of work must be held in check, 
and certainly in many cases, it should be 
withheld for the graduate program. 

While in the definition of an engi- 
neer the term “to design” is empha- 
sized, this should not be taken to mean 
that it becomes the purpose of the cur- 
riculum to train a man to be a skilled 
designer. If the engineering curricu- 
lum is properly planned, there would not 
be sufficient time to do this and there are 
many other reasons why this can best 
be done after a man leaves college. 
However, the curriculum should be 
planned so there can be no question but 
that the student receives the funda- 
mentals of engineering science which will 
enable him to grasp with considerable 
facility design technique after he leaves 
college. Through experience so obtained 
he will gain the requisite knowledge 
needed for his professional work. 

In the building of a curriculum we 
must take cognizance of the fact that we 
have a responsibility not only to provide 
the technical content of the curriculum 
but also to provide for the ethical phases 
of professional engineering while the 
student is in the most formative period 
of his entire career. If the engineering 
profession is to become increasingly 
greater and command the respect of the 
non-engineer, there must be developed 
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in the student a feeling of professional 


consciousness. It is not, perhaps, neces- 
sary that formal courses in ethics and 
professional practice be included in the 


curriculum. Nevertheless, it appears to 


be an essential duty of the educator to 
definitely determine that somewhere in 
the curriculum emphasis will be placed 
on such subject material as will awaken 
in every student a professional con- 
sciousness that shall stand him in good 
stead during his professional career. 

We can liken the building of a eur- 
riculum to the building of a beautiful 
edifice. Such a building might be con- 
sidered by several groups of architects 
and builders. The same material might 
be available to all of them. Yet, the 
edifice that would be completed would be 
entirely different in each case. On the 
one hand, it might be a beautiful build- 
ing structurally strong, aesthetically 
beautiful, and functionally excellent. On 
the other hand, quite the opposite might 
be true. 

The same course material might be 
available to several groups of educators 
in various institutions; and the con- 
pleted curriculum may be apparently 
similar but yet would produce entirely 


different results. Besides the material | 


contained in courses there is a philosophy 
together with many intangible factors 
which combine to produce the final re- 
sults. If we pick up a catalogue and 
read a curriculum and then compare it 
with the curriculum contained in another 
catalogue, it will frequently appear that 
both are the same. Yet, there can never 
be an evaluation of the intangible fae- 
tors which are a part of each of our 
educational institutions. It is, in n0 
small measure, due to these intangible 
factors that our graduates now go forth 
from our American institutions to serve 
well—graduates of whom we may well 
be proud. 
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The Case Method of Teaching on the 
Senior Level 


By J. F. MANILDI 


Assistant Professor of Engineering, University of California 


It is a common failing, in engineering 
instruction, to try to teach too much. 
The supply of courses generally available 
tends to exceed by far the basic require- 
ments of an engineering curriculum. 
Competition is keen for the inclusion of 
specific courses in required curricula. 
The instructor frequently feels that he 
must at least make the student aware of 
all the refinements of a subject with which 
he (the instructor) is intimately familiar. 
The instructor may tend to forget that 
it took him years of study, teaching, and 
possibly industrial experience to acquire 
the knowledge himself. 

It must be remembered that four or 
five years of college training by itself can- 
not result in turning out a “finished” en- 
gineer. The most that can be hoped for 
is that the product of college training 
will be well qualified for a period of “ap- 
prenticeship” in his professional field. 
The industry is quite realistic in its at- 
titude toward graduating engineers in 
this respect. It does not expect that the 
new graduate will be capable of handling 
full seale technical problems, much less 
problems involving questions of policy, 
finances, management, personnel, ete. 
Nevertheless, the graduate must be capa- 
ble of growing in ability and stature to 
the point where he can handle these 
problems, or he cannot be considered to 
be a success in his profession. 

The function of a college training in 
engineering may thus be considered to 
be to reduce to a minimum the “grow- 
ing pains” associated with the graduate 
becoming a full fledged engineer, and to 
equip the student so that the transition 
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may be accomplished in a minimum of 
time consistent with the students’ native 
capabilities. It is virtually impossible to 
eliminate these “growing pains” for doing 
so would be tantamount to turning out 
of college an accomplished engineer. 

To accomplish the feat of properly 
training the student for his “apprentice- 
ship,” the standard college curricula pre- 
seribes instruction in the basic sciences: 
mathematics, physics, and chemistry. It 
further prescribes instruction in the basic 
engineering subjects of mechanics, ther- 
modynamics, electrical theory, fluid me- 
chanics, properties and strength of mate- 
rials. There is general common agree- 
ment that these are necessary. 

A third group of courses are the so- 
called “electives.” Courses of this type 
are designated either to give the stu- 
dent more specialized knowledge in his 
selected field of engineering, or to 
broaden his scope of learning in related 
fields. In either case, the objective is 
the same, namely to train the student 
so that his subsequent attainment of full 
professional engineering stature will be 
accomplished in a minimum of time with 
minimum growing pains. The method of 
accomplishing this objective is quite ob- 
viously different in the two cases. In 
contrast to the general engineering sub- 
jects mentioned above, there is a wide 
divergence of opinion on the type of 
courses that should be offered in this third 
group. 

A course which we shall call Engineer- 
ing Problem Analysis, as described below, 
falls into the third category and is the 
type of course designed to broaden the 








students knowledge rather than to spe- 
cialize his learnings. 


Description of Course 


The proposed course in Engineering 
Problem Analysis would consist of the 
presentation, discussion and analysis of 
typical industrial problems. The case 
method of instruction would be used 
throughout, with no attempt being made 
to present any formal instruction. No 
effort would be made to graduate the ma- 
terial in order of difficulty or complexity. 
The typical course would consist of three 
or four one-hour class meetings per week, 
or possibly two two-hour classes per week. 

A total of from five to ten cases would 
be analyzed each semester. The cases 
selected for analysis would cover as 
many phases of engineering as possible 
with the time available. Cases would be 
selected, with as little modification as 
possible, from actual industrial problems. 
As far as practicable, different cases 
would be discussed each semester. This 
would insure up-to-date material for 
the course, and would suppress any tend- 
ency for instructors to guide analysis 
toward “pat” solutions previously worked 
out, thus suppressing original initiative 
on the part of the students. Experience 
in teaching the course would, of course, 
constitute the most effective guide to the 
selection of cases. 

The cases themselves might vary widely 
in nature. For example, a case might 
deal with the design of an instrument 
required to do a specific task, or of the 
design of a particular component of a 
machine. At the other extreme, a case 
might deal with the inauguration of a full 
seale research program in a broad field 
of endeavor associated with a company’s 
activities, such as the oil refining or avia- 
tion industry. 

Every effort should be made to in- 
elude all significant factors in the pres- 
entation of the problem material. It 
would be desirable to simulate as closely 
as possible the situation as it would ac- 
tually exist in industry. Thus, not only 
the technical features of a problem, but 
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also the pertinent economic, personnel, 
scheduling, plant facility, customer rela- 
tions, and sales features of the problem 
as well. 

The techniques of classroom instrue- 
tion would be directed to encourage a 
maximum of contribution from the stu- 
dents with as little guidance from the 
instructor as the situation would permit. 
It would be desirable to use several men 
to teach the course, each presenting a case 
problem drawn from a field with which 
he is intimately familiar. Group partici- 
pation in the solution of problems should 
be encouraged or even required. Solu- 
tions could be presented informally, 
orally, in class by individual groups, with 
criticisms from other members of the class 
or solutions could be presented formally 
in report form. A combination of both 
methods would probably be most effective. 
The instructor would act essentially as a 
moderator in this activity, keeping the 
discussions along constructive lines and 
furnishing factual information whenever 
desirable. 

The usefulness of examinations in a 
course of this type might be questionable. 
One hour class period would not lend 
themselves to case problem solutions. 
The two-hour period would be more 
adaptable to examinations. Useful in- 
formation regarding a student’s accom- 
plishments might be gained in a three- 
hour final examination. However, the 
necessity of examinations in a course of 
this type is highly questionable. Ef- 
fective handling of the subject matter 
would require that enrollment be kept 
low, probably not more than twenty stu- 
dents per class. The course administra- 
tor would probably have little difficulty, 
without examinations, in judging the ac- 
complishments of the individual students 
from the classroom discussions and the 
written reports. 


Objective of Course 


The basic objective, of course, in pre 
senting students with a course of this 
type, is to better his adaptability to in- 
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dustrial problems and environment, and 
hence to increase both his initial and ulti- 
mate contribution as an engineer. The 
specific, immediate objectives, through 
which it is hoped that the basic objective 
will be attained, can be described as 
follows: 

(a) To train students to synthesize the 
technical knowledge obtained in separate 
undergraduate technical courses. Stu- 
dents ordinarily capable of handling text- 
book problems in electrical theory, or 
thermodynamics, or fluid mechanics are 
frequently at a loss in attaching broader 
problems involving considerations from 
all these fields. This is one of the present 
failings of our engineering curricula, due 
primarily to lack of coordination among 
the separate subject matter courses and 
to an unhealthy tendency to depend too 
strongly on “canned” textbook problems 
for instruction. 

(b) To enable students to acquire a 
facility for handling problems which 
they have not previously encountered. 
The difference between success and fail- 
ure in a job assignment is often depend- 
ent upon the degree to which a man can 
readily adapt himself to a totally new set 
of conditions. There exists an under- 
standable psychological tendency to use 
familiar methods of approach on new 
problems, or, worse, to be frightened into 
inactivity by a totally new situation. 
This tendency must be understood and 
overcome before any measure of success 
can be attained by a man on the job. 

(c) To impress the students with the 
necessity of “selling” their recommenda- 
tions or proposed solutions to problems. 
Altogether too frequently technically 
trained and competent men feel that their 
job is done when a well-executed analysis 
has led to a reasonable set of conelu- 
sions. The fact of the matter is that 
this is only the first step in the ultimate 
execution of the plan. Alternative meth- 
ods of approach may, and generally do, 
exist. The engineer on the job must make 
every effort to sell his recommendation 
to his superiors, who, in many eases, may 
not be technically trained, or his pro- 
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posal, however good it may be, may die 
an unnatural death in a filing cabinet. 
This necessity, in our present day of com- 
petitive enterprise, of selling a recom- 
mendation, is as real and important a 
responsibility as the more generally rec- 
ognized responsibility of performing a 
consistent, satisfactory analysis. This is 
a responsibility which must be recognized 
and met if advancement in stature and 
position is to ensue. Our present train- 
ing of prospective engineers leaves much 
to be desired in this respect. 

(d) To acquaint students with logical, 
rational methods of handling problems 
that have no single “answer.” Many 
problems, in fact, most problems en- 
countered have many possible solutions. 
The number of variables involved gen- 
erally vastly outnumber the quantitative 
relationships among these _ variables. 
Many existing relationships, particularly 
in connection with economic and person- 
nel factors, because of their complexity, 
cannot be adequately represented quan- 
titatively. Intelligent estimates, enlight- 
ened guesses and methods of approxima- 
tion must be resorted to and these must 
be supported by convincing reasoning. 
It is not to be supposed that a student 
can be taught to do this adequately, since 
experience is the most valuably ally in 
solving such problems. Nevertheless, an 
appreciation for the necessity of using 
sound basie reasoning, rather than “hand- 
book methods,” can be taught and ean 
result in the student’s being much better 
prepared to handle problems of this type. 

(e) To teach students to formulate the 
specific problems which must be at- 
tacked to arrive at a satisfactory set of 
recommendations with respect to a 
broader, more general problem. Present 
engineering education places a heavy em- 
phasis on solving problems that are 
adequately stated, with little or no em- 
phasis being placed on the formulation of 
problems. The young engineer thus fre- 
quently finds himself at a loss because no 
one tells him what he should do. The 
exercise and development of ingenuity 
and imagination in the formulation of 
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problems is as important as the ability 
to solve them once they have been stated. 

(f) To teach students a little of the 
“art” of engineering in various fields. It 
is generally agreed that the “know-how” 
of engineering must be predominantly 
acquired through experience, and that is 
much more difficult to teach than the sci- 
ence of engineering. Nevertheless, by 
having ease discussions led by men of 
wide experience and competence in their 
respective fields, it is possible to pass on 
a limited amount of this “know-how” and 
thereby to reduce in some measure the 
growing pains of the new graduate. 

(g) To acquaint the student with the 
importance of recognizing his own limi- 
tations. One of the major difficulties 
which confronts a young engineer of little 
experience is that of deciding when a 
problem requires the application of 
knowledge or abilities which he does not 
possess. This situation is made increas- 
ingly difficult because it is not readily dis- 
tinguishable from the case where he is 
giving up too easily because the problem 
only seems to be beyond the grasp of his 
capabilities. Danger lies in the applica- 
tion of to little knowledge to a situation 
requiring a thorough understanding of a 
phase of subject matter. There is a 
delicate balance between giving up too 
easily on one hand and recognizing the 
necessity for more competent help on 
the other. Doing the former or failing 
to do the latter are both sins which have 
an adverse effect on the reputation and 
advancement possibilities of the engineer. 

(h) To teach students the importance 
of deciding in advance the desired de- 
gree of accuracy required in a problem 
analysis, and to plan his method of at- 
tack accordingly. In all problems it is 
necessary for the analyst to postulate 
an ideal system which approximates the 
actual system, and which is amenable to 
quantitative analysis. This is true even 
in the simplest problem, such as the prob- 
lem of predicting the frequency of oscil- 
lation of a mass suspended from a spring. 
The degree of difficulty of the solution, 
as well as the probable error in the final 
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answer or recommendations, depends on 
the complexity of the postulated ideal 


system. Unnecessarily complex postu- 
lates result in an expenditure of time 


.and effort not warranted by the specific 


problem at hand. Furthermore, the anal- 
ysis tends to be less readily understood 
by others, and the problem of selling the 
recommendations to superiors who are 
not so highly specialized in the field is a 
more difficult one. On the other hand, 
over-simplification of the ideal system will 
result generally in solutions having too 
great a probable error, and completely 
erroneous conclusions may be drawn 
therefrom. In this connection checks by 
alternative, approximate, methods of solu- 
tion are highly desirable and should be 
encouraged. 

(i) Other objectives may be indicated, 
such as teaching students to make full 
use of all available data, to work effee- 
tively in groups, to express himself orally 
and in writing clearly and concisely, and 
to recognize and carefully evaluate sug- 
gestions of others. These are self evident 
and will not be discussed in detail here. 


Objections to Course 


There are many objections which may | 
be raised toward the presentation of | 


such a course on the senior level. Some 
of these are anticipiated and will be 
discussed. 

The displacement of other subject mat- 
ter from the curriculum may constitute 
a valid objection. It is difficult to make 
any generalizations in connections with 
this objection, since the desirability or u- 
desirability of replacing a particular 
course with the course described above 
would depend on the specific course which 
would be replaced. The responsibility of 
making a decision cannot be avoided by 
simply making the course an elective, 
since staff members must advise the stu- 
dents in making an intelligent choice. 

The objection may be raised that it is 
not possible to present students, in 4 
problem statement, with all the facts that 
he would normally have at hand in the 
actual industrial situation. This, of 
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course, is true. This objection is not as 
significant as may seem at first, however. 
An engineer is never confronted with a 
problem in which he has all the desirable 
data. There is always information, tech- 
nical or otherwise, which would be use- 
ful in arriving at a solution, but which is 
not available. It might thus be argued 
that this lack of data which would nor- 
mally be available is a blessing in dis- 
guise in that it tends to emphasize an 
existing situation and the student will be 
made more acutely aware of this ever- 
present characteristic of actual problems 
in industry. 

It may be proposed that a course of 
this type will tend to severely confuse a 
student with too great a mass and too 
great a variety of material in a short time. 
It must be admitted that herein lies a 
real danger. In order to justify its exist- 
ence, the course must be capable of in- 
stilling in the student a reasonable degree 
of confidence in his own ability to at- 
tack situations presented in the case ma- 
terial. To confuse the student, to make 
him doubt his capabilities would indeed 
constitute an overpowering objection to 
the existence of such a course. In this 
connection, it can only be emphasized 
that the selection and administration of 
case problem material must be done with 
great care. The course administrator and 
the individual instructors must work to- 
gether very closely. More individual at- 
tention must be paid the students by the 
instructor than is generally necessary in 
other courses. Individual student short- 
comings must be recognized and cor- 
rected. Otherwise, an adverse effect may 
result. It is true that at the beginning of 
the course, even the better students will 
tend to be confused by the problem ma- 
terial. This is not objectionable as long 
as the confusion and insecurity disappear 
and is replaced by confidence before the 
course ends, 

It is possible that a course of this type 
may tend to give the student a distorted 
impression of the type of activity in 
which we will be engaged when he first 
gets a job. He may become dissatisfied, 
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in retrospect, with the course, or with his 
job, when he finds himself doing strictly 
routine work. This difficulty can be over- 
come very readily by making it quite 
clear to the students at the onset of the 
course that the course is intended to 
enhance his long range achievement 
potentialities, and that no specific ef- 
fort is made to prepare him for his first 
job. 


Past Experience 


The basic nature of the course dis- 
cussed above is certainly not new. Many 
graduate schools, notably in law and busi- 
ness administration, have depended en- 
tirely on the case method of teaching in 
their curricula. The results, in these 
instances, have been highly gratifying, 
since adoption of the method is increas- 
ing. Engineering graduate schools have 
used the method sporadically and no 
good information is yet available as to 
its relative effectiveness. The Carnegie 
Institute of Technology, at the instiga- 
tion of President Robert E. Doherty, has 
for some time presented on both the 
graduate and undergraduate level a modi- 
fication of this type of course. At Car- 
negie, the emphasis is placed more heavily 
on the strictly technical features of a 
problem. 

Courses of this type have constituted a 
part of the General Electric Advanced 
Training program for many years. This 
may constitute a recognition from in- 
dustry that the normal engineering pro- 
gram at universities lacks in this type of 
training. 


Conclusion 


A course of the type described aims at 
filling into an engineering curriculum 
training of the type that is normally lack- 
ing. This training revolves around the 
simulation of actual industrial situations. 
Basically, it is hoped that a course of this 
type will make the transition of a gradu- 
ate from an_ engineer-in-learning to 
full professional status, easier. Further, 
it is hoped that his potential of attain- 
ment in the profession will be increased. 
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The course is not proposed as a cure- 
all. As a matter of fact, it is proposed 
with the knowledge that certain adverse 
results may obtain. It is clearly recog- 


In the News } 


The Engineering Manpower Commis- 
sion of Engineers Joint Council today 
announced that its first report on “Uti- 
lizing Engineering Manpower” is avail- 
able. This report, issued as E.M.C. 
Bulletin No. 1, brings together procedures 
to be followed in requesting necessary 
occupational deferments and delays for 
both reservists and non-reservists (draft- 
ees). The Bulletin also includes a brief 
statement on the problems of both gov- 
ernment and industry in selecting and 
utilizing its technical personnel. 

Beeause of the extreme critical short- 
age of engineers coupled with an in- 
creasing demand for engineers for de- 
fense purposes, it is believed that E.M.C. 
Bulletin No. 1 will be of much value to 
many employers and users of engineers. 
Copies may be obtained from Engineer- 
ing Manpower Commission, 29 West 39th 
Street, New York 18, New York, at a 
nominal charge of 25 cents to cover the 
cost of handling and mailing. 


Eleven of the nation’s top scientists 
were named by President Truman to a 
Science Advisory Committee of the. Of- 
fice of Defense Mobilization, to advise 
the President and Mobilization Director 
Charles E. Wilson in matters relating 
to Scientific Research and development 
for defense. 

Chairman of the group will be Dr. 
Oliver E. Buckley, who for the last 10 
years has been President of Bell Tele- 
phone Laboratories, and now becomes 
Chairman of the Board of Bell Labora- 
tories. 

The other members of the committee 
are: Dr. Detlev W. Bronk, President of 
Johns Hopkins University and of the 
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| lisher. 
' certainly all authors, have a pretty good 
'idea of the publisher’s function, but I 


» of what a publisher really does. 


The Textbook from the Publisher’s 





Point of View 


By E. P. HAMILTON 
President, John Wiley § Sons, Ince. 


The writing of an engineering or sci- 


) entific textbook is a major task, as I am 
* sure all authors and publishers fully rec- 


ognize. The longer I am in this business 
of publishing, the more I realize this, 
but nevertheless it is a job worth doing 
and I hope that I will say nothing to 
discourage prospective writers. 

Before talking about textbooks them- 
selves, it might be appropriate to say 


' something about the function of the pub- 


No doubt most teachers, and 


have found that there are many people 
who seem to have little understanding 
For ex- 


' ample, I recall that when I did a good 


deal of traveling for my firm, salesmen 


'in smoking compartments often asked 
'me what my line was. 
_ publishing, they at once assumed that I 
| was a printer. 


When I told them 


When I explained that 
no, we did no printing, they probably 
reached the conclusion that we were a 
sort of agent for the printers, or some 
variety of middleman who later, after the 


»book was published, became a salesman. 
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It is true that a publisher, is among other 
things, a sort of midleman, but I do not 
think it hard to convince people that as 
a middleman he has a useful function to 
perform. 

The publisher is able to assist an au- 
thor in many ways. In order to make a 


“The three papers on textbook planning 
were presented before the Electrical Engi- 
heering Division at the Annual Meeting of 
the ASEE, Seattle, Washington, June 20, 
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book useful to a large number of teachers, 
the publisher brings to the author the 
benefit of his long experience and often 
a larger view of the educational scene, as 
well as current information on courses 
as given in various institutions, which he 
gathers from his field men. A book is a 
costly undertaking, and if it is to yield a 
fair return to the author and the pub- 
lisher, it must be so organized as to be 
suitable for use in a goodly number of 
colleges. 

Wherever possible a publisher likes to 
work closely with the author in the de- 
velopment of his book as early as he 
ean. Perhaps the author has notes which 
he is using in his classes; in fact, usually 
the best books result from such use. If 
the publisher can see these notes and go 
over them with his editors and advisers, 
he can often make suggestions to guide 
the author in writing a book that will 
have wide acceptance. On the other 
hand, tryouts of the sort mentioned above, 
particularly if continued for several 
years, can be trying on the student. It is 
doubtful that a student takes mimeo- 
graphed notes as seriously as he does a 
textbook published in regular form. The 
president of a large state college once re- 
marked to me that in his opinion there 
were too many mimeographed books in 
use on his campus. He added that either 
these notes should be published in book 
form after a short trial or the author 
should abandon his notes and find a book 
that came as near as possible to suiting 
his needs. 

Rather frequently the pubisher may 
anticipate a need and search out an 
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author with good background to develop 
a book. Again, an author may also an- 
ticipate a need and write a really pio- 
neering book which may result in courses 
being developed at other institutions. 
Unfortunately, with present-day costs 
this sort of pioneering, however desirable, 
cannot be encouraged to the same extent 
as in the so-called “good old days.” 


Pre-publication Preparation 


When the author has his manuscript 
in final form, a careful editing for uni- 
formity of such details as punctuation, 
abbreviations, references, etc., is called 
for. This work is carried on by the pub- 
lisher. The selection of type, format, 
and binding is also a function of the 
publisher. This he does in consultation 
with the author. The preparation of il- 
lustrations also calls for close coopera- 
tion and consultation between the author 
and the publisher. 

Finally, after the book is published, it 
is, of course, the duty of the -publishing 
house to look after all details of adver- 
tising, marketing, and distribution. This 
is a big subject on which I could speak at 
great length, but it does not appear to me 
to be especially pertinent to this par- 
ticular discussion. 

I think all his indicates that a pub- 
lisher has a very important function to 
perform; in fact, because of his close as- 
sociation with the author, the publication 
of each book becomes a separate small 
business, or even sometimes a fairly big 
business enterprise, in which the author 
and the publisher are joint partners. 

What constitutes a good textbook? 
Undoubtedly many of you can answer 
this question better than I. I think, 
however, that we can all agree that a good 
textbook must cover adequately and de- 
velop logically the subject to be taught. 
At the same time it must be teachable. 


Teachability and Style 


Teachability is something not easy of 
simple definition. It is a combination of 
many things—clear writing, proper de- 
velopment of the subject matter, clear 
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definitions, good illustrations, together 
with such aids as worked-out example, 
carefully selected problems for solution, 
and possibly chapter summaries, Th 
organization of a textbook should be sud 
that it can be broken down readily into, 
group of assignments of appropriate 
length. This is not always easy to do, 
the length of courses may vary, but this 
practical aspect of teachability should at 
least be given consideration by the a. | 
thor. 

Concerning styles of writing in tet. | 
books, there are as many different styls | 
as there are authors, but anyone through 
whose hands goes a steady flow of mam- 
scripts, year after year, learns to recog. 
nize certain types of writing. Many a 
the manuscripts that are offered any pub- | 
lisher are in a style that can be calle | 
flatly pedestrian. The facts are there, | 
but they are presented without an| 
leavening agent. Such books are like 1/ 
meal out of cans, eaten from a bare board, | 
The calories and nourishing values mij} 
be adequate, but the consumer craves the! 
appetizing qualities that stimulate digs: 
tion. 

Directly opposed to the pedestrian isi 
style which could be described as pre 
tentious. I might hesitate to mention thi 
selfeonscious style as one that is founi| 
in textbooks, but the fact is that it s 
and sometimes under distinguished at- 
thorship. For example, one well-know 
author once told me that he was afrail 
he was thinking more of the impressia 
he wished to make on his professional «0 
leagues than on the student when lt 
wrote his first edition. Again I might dit 
the comment of a reviewer of a mall 
seript, who remarked that the author a} 
peared to have one eye on the studat 
reader and the other on the members ¢ 
his profession. At best the pretentios 
style is characterized by “gobbledygoo 
—when the author means “lights must b 
put out,” he says “illumination is requift 
to be extinguished”; at worst this si 
descends to the ineptly ornate, and & 
embarrassed reader meets  statemél 
about “those fruits upon which the pl 
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ent status of network theory rests” or 
“the dawn of engineering that is slow 
and ponderous.” Such a style has no 
place in a textbook—not even in the 
preface to a textbook. 

One expects a certain dignity in a 
book intended for study. Some subject 
matter, indeed, positively demands a 
formal presentation. Mathematical sub- 
jects, especially, and much of engineer- 
ing and advanced physics and chemistry, 


} and nearly all statistics can be conveyed 
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mostly by equations and formulations. 
Chattiness is out of place, if not impos- 
sible, in dealing with such material. A 
bare, functional style is inseparable from 
the essence of such subjects. Yet even 
in exploring such rarefied reaches of the 
mind, some gifted writers can occasion- 
ally come down to earth and, still main- 
taining their dignity and _ self-respect, 
adopt a more informal, man-to-man ap- 
proach. By similes and examples (and 
even metaphors, as long as they do not 
become mixed) they can simplify the 
difficult and make it more readily grasped. 
This is not as easy as it sounds. 

I recall once saying facetiously to Pro- 
fessor William H. Timbie, “Writing of 
elementary books seems to be easy for 
you.” With characteristic vehemence 
which I shall not attempt to reproduce 
he replied that this type of book was 
the very hardest to write and that he de- 
voted much effort to rewriting and polish- 
ing before he was satisfied that he had an 
understandable result which was at the 
same time accurate. 

The danger in simplification, of course, 


‘is that the process may be carried too 


far and degenerate into the distortions 
and inaccuracies of the popularizer. 
When an author breezily brushes aside 
difficulties and high-handedly pretends 
that none exist, he is doing his subject 
an injustice and being unfair to an in- 
telligent reader. 

There is no one ideal style. The good 
writer is full of his subject matter. He 
sees into it and all around it and can 
view it in perspective. He is aware of 
his audience: a specific group, with 
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known background and with definite 
limitations, whom he had an overwhelm- 
ing desire to reach and enlighten. He is 
sufficiently at ease to be himself and 
flavor his writing with his own personal- 
ity. Such a man, with the aid and advice 
of a publisher, should produce something 
worth-while. 

If style is defined as the manner of 
presentation, the publisher can make some 
valuable contributions himself. His staff 
editors can suggest actual changes in 
writing at the time they are going over 
the manuscript for editorial details. His 
production department will select, in con- 
sultation with the author, a format and 
a type which will certainly enhance the 
author’s style, and a proper paper to 
avoid eyestrain. All these procedures 
will complement the author’s own efforts. 
Textbooks of twenty or thirty years ago 
had a noticeable similarity of appearance. 
Today publishers devote considerable 
time and talent to making books attrac- 
tive; they have stimulated the design 
of new type faces and are using the 
old ones more effectively. The ap- 
proach each new manuscript with an 
open mind, recognizing its individual 
characteristics and planning a format 
suitable to its content. 

Before leaving the subject of style, 
something, I think, should be said on 
nomenclature. Uniformity of nomen- 
clature is highly desirable, as is adherence 
to the systems prevailing throughout a 
particular branch of science. We have 
known books employing nomenclature 
and terminology in favor among only a 
minority. It goes without saying that 
such nomenclature might easily prevent 
wide acceptance of a book. 

Good illustrations are an essential ele- 
ment in a textbook, but they should liter- 
ally illustrate, not decorate. A _ well- 
executed diagram or graph often may be 
a greater help to understanding than an 
explanation in words. To be most ef- 
fective the illustrations should be really 
integrated with the text. The author who 
finishes his writing and only then sets 
out to “collect his figures” will not be 
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likely to have very good illustrative ma- 
terial. 


Services of the Publisher 


As all of you know, manufacturers are 
very willing to help authors in obtaining 
appropriate copy from which illustrations 
can be made. Further, engineering de- 
partments of the larger companies have 
offered to aid authors by going over their 
manuscripts and offering suggestions for 
changes in line with the latest practice. 

Although illustrations are certainly aids 
to teaching, there are other aids which 
might be mentioned, for example, worked- 
out examples, which are often followed 
* by problems for solution or questions, 
varying in difficulty and numerous enough 
to permit a teacher to make selections. 

The matter of chapter summaries is 
perhaps a debatable subject. Some 
teachers maintain that the student should 
be able to do his own summarizing. On 
the other hand, summaries can prove very 
effective in a book, particularly one of 
a more elementary nature. In addition, 
good bibliographies, particularly in books 
of a more advanced character, are cer- 
tainly called for. 

Besides the teaching aids found in text- 
books, there are visual aids, which pub- 
lishers have been considering and even de- 
veloping in certain fields. My own firm 
has already issued visual aids in fields 
other than electrical engineering, and we 
are now investigating the possibilities of 
visual aids in that field, not only as sup- 
plementary pictorial and graphic ma- 
terial, but also as a means of presenting 
complicated and involved diagrams and 
formulas which the instructor must use 
from day to day. This is a means of 
saving the lecturer tedious and time- 
wasting drawing and redrawing. We 
have followed with interest the experi- 
ments of Professor §. G. Lutz and Pro- 
fessor R. G. Kloeffier along this line. 

How inclusive should a textbook be? 
Should it contain material which, al- 
though not strictly a part of a course, 
should add to its value as a reference? 
Corollary to this is a tendency of some 
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authors to include material which is not! 
actually needed by students but which the 
author wishes to get into print. Per. 
haps a moderate amount of such mate. 
rial might be permissible, but if it woul 
add a chapter or two to an already siz. 
able book, it must be excluded for eq. 
nomic reasons. 





Economics of Textbook Publishing 


And speaking of economies, perhaps 
this is as good a place as any to mention | 
that this subject is, I am sure, a dis! 
turbing one today to author, teacher, ani | 
publisher alike. The cost of producing | 
books has soared in the past eight year 
and especially in the last five. Just asa 
example, a few months ago I compare 
the cost of producing a new edition of: | 
textbook today with its original cost in} 
1941 and found it to be nearly three times | 
what it was then. Some might ask if in| 
a new edition parts of the old book could | 
be saved. The answer is almost always, | 
no, for the cost of plate alterations is 
such that one might as well reset. Il-! 
lustrations can sometimes be re-employed, | 
but even these may have become obsolete’ 
and need expensive corrections. 

In setting prices for new books ani 
new editions it could be suggested that 
since everything costs double or mor) 
what it did in the prewar period, w} 
charge double for a textbook. Reason) 
able though this may seem, I am sure that 
doubling of prices would mean doublix 
up of students on the purchase of books) 
We publishers, of course, have had ti} 
charge somewhat more for our booby 
than in the prewar era, but not double 
certainly, except on specialized books 
Temporarily, at least, the situation hi) 
been saved by enlarged college enttll 
ments, greater industrial demand, atl 
greater foreign sales, which have pet) 
mitted larger printings. But, truly, tle 
total outlay for textbooks is a small ites 
in the cost of an engineering educatitl) 
today. 

A perfectly natural question to b 
asked by engineers and _ scientists 5 
“What is the publishing industry doing" 
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lower the high cost of books?” A brief 
answer, stripped of details, is that re- 
search is in progress, some of it sponsored 
by publishers, and although the results 
are slow in appearing, expectations are 
indeed encouraging, especially in new 
methods of type setting. 

In conclusion, I hope I have been able 
to bring you something of the publisher’s 
point of view and what he considers to 
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be the important characteristics of a good 
textbook. Throughout my talk, I have 
stressed the importance of quality both 
in content and in format. To be worth 
his salt, a publisher must share the high 
standards of great teachers and must 
always discourgae careless and mediocre 
work. By so doing, he should be able te 
contribute to the development of a strong 
technical literature. 


Commission on Engineering Education 


At the request of the Supreme Com- 
mander for the Allied Powers, the 
American Society for Engineering Edu- 
cation and the Unitarian Service Com- 
mittee, Ine. are jointly organizing a Com- 
mission “on Engineering Education to 
visit Japan this summer. 

Fifteen Americans, representing the 
principal areas of engineering edueca- 
tion, will leave for the Orient in early 
July to consult with the Ministry of Edu- 
cation of the Japanese Government, as 
well as with educators and administrators 
of engineering colleges in Japan. SCAP 
has appointed the USC to handle admin- 
istrative arrangements. 

Dr. Harold L. Hazen, Head of the 
Department of Electrical Engineering at 
Massachusetts Institute of Technology, is 
Chairman of the Commission. Miss 


Dorothy Snavely of New York City, As- 
sistant Director of Medical Projects of 
the Unitarian Service Committee, will 
be Executive Officer. 

The Commission’s itinerary includes 


Tokyo, Hiroshima, Osaka, Kyoto, Fu- 
kuoka, Sendai and Sappora. 

Harry P. Hammond, Dean of Engi- 
neering at Pennsylvania State College, 
and Howard L. Brooks, Associate Diree- 
tor of the USC, have organized the Com- 
mission. 

Persons appointed by the Committee 
on International Relations of the ASEE 
to serve on the Commission are: C. W. 
Beese, Industrial Engineering; A. B. 
Bronwell, Communications; W. R. Ched- 
sey, Mining Engineering; A. G. Christie, 
Mechanical Engineering; A. G. H. Dietz, 
Structural Engineering; B. F. Dodge, 
Chemical Engineering; H. L. Dodge, 
Physics; R. B. Finch, Textile Tech- 
nology; H. L. Hazen, Electrical Engi- 
neering; A. L. Miller, Mechanies & 
Structures; J. A. Sauer, Engineering 
Mechanics; E. W. Steel, Sanitary Engi- 
neering; H. B. Walker, Agricultural 
Engineering; F. L. Wilkinson, Admin- 
istration; R. S. Williams, Metallurgy. 








Textbook Planning from the Point of View 
of Teacher and Author 


By H. H. SKILLING 


Chairman, Department of Electrical Engineering, Stanford University 


The general theme of this discussion is 
the possibility of little better planning of 
textbooks. To me, that seems to mean 
that we are discussing something to be 
done before the book is written. Per- 
haps it means some kind of guidance to 
be given the prospective author, with the 
object of urging him to produce a book 
that comes close to fitting the needs of 
his prospective customers. Speaking as 
one of the customers, that sounds fine. 
I am not sure just how it is to be done. 
But let us examine how the customers, 
and how the authors, operate at present, 
and see what seems to be possible. 

We, who are teachers, know what we 
want when we select a textbook. We 
don’t all want quite the same thing, for- 
tunately, but I suppose the one funda- 
mental need that everyone will agree on 
is that he wants a book to fit the course 
he is teaching. 

How do you choose a book? When 
you teach a course, do you adapt your 
presentation to fit the best available 
book, or do you require the textbook to 
match your method of presentation or 
do you use books for reference only? 

Speaking as a typical teacher I might 
say that it is my personal preference, at 
least for undergraduate courses, to adopt 
a good book and make the course fit the 
book. There are problems in fitting a 
course to an available book, but there are 
worse problems in establishing a course, 
deciding just how it is to be taught, and 
then trying to select a book to fit the 
course, and the biggest difficulty is that 
you generally can’t find such a book. 


594 


What do you do then? Obviously, 
you write a book. It is a fine way, but 
rather laborious. It was this business, I 
think, of writing books to keep the courses 
going that the Preacher in Ecclesiastes 
has in mind when he said: “Of making 
many books there is no end; and much 
study is a weariness of the flesh” (Eeel, 
xii, 12). 

If you are like me, and are willing to 
adapt a course to a good book, it seems 
that there is some hope for the idea of 
attempting to influence authors to write 
books the way we teachers want them. 
All that is needed is to find, somehow, a 








large enough group of teachers, all of | 
whom want a book of about the same | 
kind, within limits of the teachers’ adapt- | 


ability. The needs and desires of this | 


group of teachers are then conveyed, 
how I don’t know, to people interested 
in writing a book of this nature. Per- 
haps one or more good manuscripts will 
result from this process. 

But there are several rather difficult 
problems, and the worst problems all re- 
volve about this question: is it likely that 
a group of teachers can specify what they 
want in a way to result in excellent text 
books? 

Suppose a group of teachers of elec 
tronies, for instance, get together and de 
cide they want a book written according 
to a certain plan. Someone starts work- 
ing on it, and in three or four years the 


book appears on the market. Now: (1) F 
do the teachers still want it, or have they | 
changed their minds, influenced either by F 
trends in teaching or changes in the sub § 
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ject matter of electronics; and (2) is it 
possible that an independent author, more 
brilliant or more inspired than the group 
of teachers, or perhaps just giving a 
greater share of his time to thinking 
about it, may come through in the mean- 
time with a better book—a book that 
even the teachers themselves will agree 
is better than what they asked for? 


What Motivates the Author? 


Speaking of authors brings in the 
other side of my dual subject—the point 
of view of the authors. If you go to a 
prospective author and say: “This is 
the kind of book that the customers 
want,” will he write it, and do a good 
job? 

Why do authors write books, anyway? 
We seem to need to know what motivates 
an author before we can decide what we 
can get him to do for us. What is it 
that makes a man undertake this “weari- 
ness of the flesh” that the Preacher 
speaks so feelingly about? 

One reason I have already mentioned: 
you, as a teacher, want a book to fit a 
course you teach, and the only way to get 
a satisfactory book is to write one your- 
self, 

Then some write for money, and hap- 
pily the arrangements under which text- 
books are printed are such that a very 
respectable amount of cash rolls in to 
reward a man who has produced the kind 
of book that we teachers need. It is 
common enough to hear slighting re- 
marks about the lack of financial return 
from a published book, but this is sheer 
swank. Books that sell do pay. 

Then there are those who write for 
reputation. Some write for a scholarly 
reputation, and some for a general public 
reputation. Erasmus knew about these 
people when he wrote, “The Praise of 
Folly” four and a half centuries ago. 
He said—or, rather, he made Folly say, 
“The ones who write learnedly, for the 
verdict of a few scholars, seem to me 
more pitiable than happy, since they 
continually torture themselves: they add, 
they alter, they blot something out, they 
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put it back in, they do their work over, 
they recast it, they show it to their 
friends, they keep it for nine years; yet 
they never satisfy themselves. As such 
a price they buy praise—and that the 
praise of a handful. They buy it with 
so much loss of that sweetest of all things, 
sleep, so much sweat, so many vexations. 
Add also the loss of health, the wreck 
of their good looks, weakness of eyes or 
even blindness, poverty, malice, denial of 
pleasures, premature old age, and early 
death. The scholar considers himself 
compensated for such ills when he wins 
the approbation of one or two other weak- 
eyed scholars.” 

This speech, you will understand, is 
from the mouth of Folly, who is not to 
be taken seriously. She thinks more 
highly, she says, of “those who blacken 
paper with sheer triviality. . . . For 
these are crazy in a far happier way. It 
is worth one’s while to see how pleased 
authors are with themselves when they 
are popular, and pointed out in a crowd.” 
And though this speech may be by Folly, 
and written a hundred years before 
Shakespeare’s day, it still paints two 
perfectly valid reasons for the writing 
that is being done today: professional 
reputation, and common fame. We all 
love it. And a variant of this is the 
more local prestige that an author gains 
with his Dean and with the President of 
his own college. As Lord Byron said, 
“Tis pleasant, sure, to see one’s name 
in print; a book’s a book, although there’s 
nothing in’t.” 

One of the rewards of authorship is 
that publicaton carries our words to so 
wide an audience. Every author, I think, 
is happy that his ideas may reach a 
thousand pairs of eyes, through publica- 
tion, where they could reach only ten 
pairs of ears in lectures. Some have the 


greater glory of seeing their thoughts, 
in print they cannot themselves read, 
going to teach students in countries that 
they themselves will never see. 

And to this spread of a man’s in- 
fluence over the face of the earth, publi- 
cation even adds a certain degree of im- 
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mortality. Perhaps his work will live on. 


Some authors’ do. Don’t you sometimes 
feel, as I do, better acquainted with an 
author who is long since dead than with 
some of your associates among the liv- 
ing? To a good many authors, it is no 
small matter that their teaching will con- 
tinue after they, themselves, have van- 
ished. Edward Gibbon wrote his famous 
“Decline and Fall of the Roman Empire” 
with the expectation, he says, that it 
might “perhaps, a hundred years hence 
still continue to be abused,” and he 
was modest, for it has now been 175 
years, and it is still being abused. “In 
old age,” he says, “the consolation of 
hope is reserved for . .. the vanity of 
authors who presume the immortality of 
their name and writings.” And Henry 
Fielding hoped “to be read with honor 
by those who never knew nor saw me, 
and whom [I shall neither know nor see.” 
Then there are those who write for 
the sheer pleasure of writing. Where 
some men play chess, and some solve 
cross-word puzzles, other take pleasure in 
finding the exactly right expression of 
their ideas. The choice of the right 
phrase, the dove-tailing of ideas, brings 
delight. Do you know the verse from an 
author in a Carinthian monastery of a 
thousand years ago that starts like this: 
“T and Pangar Ban my eat, ’tis a like 
task we are at: hunting mice is his de- 
light; hunting words I sit all night.” 
Finally, some authors write to pro- 
mote an idea or an individual interest 
of their own; to convert readers to their 
own belief or point of view. It is not 
necessary to look to politics for examples 
of this. I know from my publishing 
friends that many an author tries to use 
his book as a sounding board for his 
hobby. Indeed, it would be rude of me to 
mention the examples I can think of in 
half the books I know. I believe it is 


rather an unusual author of a textbook 
who does not give some unjustified space 
to a method because it is his method, 
or to the results of research because it 
is his research, or to an argument because 
he wants to proselyte—not to teach. 
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Motivation and Results 


That makes six or seven reasons for 
writing textbooks. These may not be all 


the reasons for which authors write, l 
‘ but they are enough. And the question 


is this: will these motives act to make 
an author write the kind of book we think 
he ought to write, to fit the purposes 
that we propose? Let us review them. 

1. If you write for your own classes, 
your book may be shaped to fit a general | 
need if your class is a typical class. Qn | 
the other hand, it must not be forgotten | 
that many of the most important books 
come out of classes that are pioneering 
in a new presentation, and nobody can 
guide the author. 

2. If you write for money, naturally | 
a plan that will increase your sales will | 
be heartily welcome. I 

3. If you write for fame and public | 
reputation, you will be pleased with a 
plan that will make your book more 
widely read. 

4. But if you write for recognition 
among the learned of your own profes- 
sion, your ideas of what your book should 
contain will not be open to much persua- 
sion. 

5. If your pleasure is in extending 
your influence to a wide family of stu- 
dents, extending over the world and con- | 
tinuing through the years, you want a 
book that will be beneficial to many 
readers—yet, at the same time, you wait 
it to be personally and individually yours. 

6. The man who writes for the simple 
pleasure of writing will not care to be 
restricted by any such guidance, and 

7. The writer who has a cause to sup- 
port or a hobby to ride will lose interest 
if he is restricted; if his favorite topic | 
were sheared back, as I suppose they 
would have to be, he would find that his 
salt had lost its savor. 

Now the fact is, of course, that every 
man who writes a book is motivated by 
several if not all of these seven factors © 
The public and the publishers might no F 
be sorry to lose an author motivated al | 
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by one or all by another, but if you dis- 
courage all authors who like to see their 
names in print, or who like money or 
who have a hobby, there would be a 
dearth of books. 

Perhaps it is safe to draw conclu- 
sions to this extent. First, is planning 
desirable? Planning based on the de- 
sires of teachers would be helpful in 
some ways. It could prevent an author 


from making a mistake about the actual 
demand for a book of a certain type. It 
could indicate preference regarding the 
less personal characteristics of the book: 
how long a book is acceptable; how many 
problems are wanted; what system of 
units is most popular; is it convenient 
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that the notation agree with that of some 
other book? On the other hand, plan- 
ning is dangerous if there is any tendency 
for it to stifle originality of ideas. Is 
there such a danger? 

Seeond, is planning possible? Plan- 
ning must operate on the author, and the 
question is: how will the good, bad, and 
indifferent authors react to it? Some 
of the authors’ motives will respond to 
suggestion—some will resist. Will the 
good, bad, and indifferent authors re- 
spond in such a way that books will -be 
better, planned than unplanned? I don’t 
know the answer to that one. I have run 
out of conclusions, and I think I should 
like to leave these questions up to you. 








Textbook Planning from the Point of View 


of Author 


Dean of Engineering, 


As th size and complexity of any en- 
terprise increases, planning becomes more 
and more important. This is necessary in 
all cooperative efforts, and engineering 
education is recognized as such a coop- 
erative effort. While we may subscribe 
to the idea that Mark Hopkins on one 
end of a log and a student on the other 
would be the important elements of a uni- 
versity for a general education, modern 
technical education requires the utiliza- 
tion of many more facilities and aids. 
Nevertheless, we must continue to recog- 
nize that the character, ability and back- 
ground of the teacher is the most im- 
portant consideration. 

In these days of emphasis on visual 
aids, let us remember that the most im- 
portant, highly developed, and economi- 
eal visual aids are books. They are a 
necessary part of the instructional system 
at the school and university level. How 
ever, if we accept the idea that the most 
important purpose of formal education is 
not td teach facts, but to develop in the 
student a confidence in his ability to 
learn and a method for continued devel- 
opment as he meets new situations, then 
we must prepare him to depend upon 
books in his post-school years for a life- 
time of learning and vision. It is evident, 
therefore, that technical books should, 
and I believe do, serve a dual purpose: 


1. as textbooks for residence courses 
where the material may be supplemented 
and developed by an instructor and 

2. as reference books for self education. 


It is true, however, that no typical in- 
dividual exists who could speak in a 
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and Editor 


EVERITT 


University of Illinois 


representative manner for his group. It 
is in that very divergence of readers that 
the difficulty of satisfactory planning and 
coordination for the publication of text- 
books lies. Any such planning which 
may be attempted will necessarily involve 
approximations and personal judgments, 


For the purpose of developing additional | 


judgment and coordination, many pub- 
lishers are making more and more use of 
technical consulting editors for definite 
but fairly broad fields, and it is this area 








area of planning that I was asked to | 


represent on this panel. 


Technical Area Conferences to 
Aid Authors 


At times the need for the development 


of a new technical area by both courses | 


and books becomes quite evident to 4 
number of people. 
tions it may be possible to call a con- 
ference where representative outlines for 
a course may be worked out. Following 
such a conference, it is almost inevitable 
that one or more books will appear based 
upon the plans which were developed. 
Good examples of this occurred during 
the war. In the fall of 1941, a large 
group of us met at M. I. T. for a thre 
weeks session to discuss the needs for 
instruction at the college senior levé 
for Electrical Engineers on the principles 
of Ultra High Frequencies, as needed for 
the growing applications of radar. 4 
surprising unanimity was attained in the 


development of course outlines and a sup: | 
porting program of laboratory work 7 
This immediately developed a need for’ 
textbook, which in turn was justified 


Under these condi- | 
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economically. The well-known book on 
Ultra-High-Frequency Techniques by 
Brainerd, Koehler, Reich and Woodruff 
resulted. In the winter of 1942 similar 
planning and development resulted in ree- 
ognition of the need for the E.S.M.W.T. 
courses on Fundamentals of Radio. Sev- 
eral new books appeared to compete for 
this market. The series brought out by 
the Electrical Engineering Department 
at M. I. T. is another example of effec- 
tive planning by the committee method 
to meet a definite objective. 

Under ordinary conditions this com- 
mittee procedure is only occasionally 
practical. There is not usually an una- 
nimity on what is needed, there may not 
exist a definite sponsoring agency, and 
frankly, there would be difficulties in pre- 
paring a program that would avoid the 
dangers associated with the existence of 
financial and professional interests of 
authors, publishers and teachers. How- 
ever, from time to time, as new areas of 
interest develop, for example, servo- 
mechanisms, or electronics for nonelectri- 
cal engineers, it might be well for this 
society or this section to consider set- 
ting up conferences to plan programs for 
appropriate courses. Such conferences 
might meet after or during the summer 
meeting of the society. As courses are 
developed, textbooks would not be long 
in appearing. In a free enterprise sys- 
tem I do not think it would be desirable 
for the sponsoring agency to designate 
the specific authors. 


Spontanaity of Textbook Authorship 


Becoming the author of a book is a 
Spontaneous process. It is important 
that no planning process should hamper 
this spontaneity or the results will be 
drab and colorless. It is doubtful if 
many good books are produced by as- 
signment, This is ilustrated by the dif- 
ficulty, especially during the war, of 
getting good technical manuals on manu- 
factured equipment. Such manuals must 
be written, perhaps they are part of 
a contract, so someone is directed to 
write them. Even though the authors 
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may be professionals, the resultant out- 
put is generally considered mediocre. 

Since an author is self driven, he usu- 
ally has a message, something he wants to 
tell the world about. I think this is de- 
sirable. It provides the sparkle that 
differentiates the interesting from the 
dull. The greater number of electrical 
engineering books are produced because 
the author is a teacher in fact or at 
heart who believes firmly that he can 
plan a course on, and tell his student 
more clearly about, his subject then any- 
body else. Hence, he starts to prepare a 
set of mimeograph notes to supplement 
the inadequacies he believes exist in avail- 
able texts. These he may ultimately de- 
velop into a full fledged text. I believe 
this experimental process is a good one 
if the author really receives recognizes, 
accepts, and acts on the criticisms which 
this makes available. This criticism may 
appear in a number of forms. It 
may come from suggestions from stu- 
dents, from comments of colleagues using 
the material, or it may be in the form 
of the low grades of a class which has 
been examined on the material which the 
manuscript has been designed to elucidate. 


Author's Responsibility 


In the development of all human re- 
lationships the ability to put oneself in the 
other fellows place is one of the most im- 
portant attributes. It is particularly im- 
portant for the teacher to analyze his 
teaching from the standpoint of the stu- 
dent, for the author from the position of 
the reader. But it is technically difficult 
for an author to do this, the mere act of 
going over and over the manuscript, a 
necessary part of writing, makes it al- 
most impossible not to overlook inade- 
quacies in presentation. It is at this 
point that the technical editor may per- 
form an important function. He should 
try to read the manuscript as though 
he were a student with only the prepara- 
tion which the manuscript assumes. He 
must be watchful that the presentation 
is logical, and develops the subject 
smoothly without sudden changes in dif- 
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ficulty, and without requirements of sup- 
plementary knowledge which cannot be 
expected from the reader. He should 
recognize lack of clarity and call for 
improvements where needed. 

New books should be really new and 
not a rehash of old material. It is true 
that the new part may be largely a new 
method of organization or presentation, 
but unless there is a real indication of 
originality I think there is a moral if not 
a legal responsibility on the author, 
editor and publisher not to develop a 
book just to introduce a name to the 
public. Some technical books have skated 
pretty close to plagiarism even if it 
could not be proven in court. 

It is probable that this panel would 
not have been developed unless a need 
were felt for more voice in the produc- 
tion of books by the teacher. I have sug- 
gested the possibility of special confer- 
ences from time to time. I believe the 
development of the series idea provides 
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an additional avenue for teachers to in- 
dicate to series editors what they want. 
This can be done by personal discussion 
or by correspondence. I can say that 
such suggestions would be welcomed, and 
I believe would produce desirable results, 
Series editors are individuals in your gen- 
eral field who can work with you in a per- 
sonal manner. They in turn will have 
contacts with prospective and develop- 
ing authors and can act as exchange 
centers. 

It is hoped that this panel discussion 
will be a step forward in the planning 
of technical books. At the same time 
it should be recognized that we are the 
envy of the world not only on our tech- 
nical developments, but also in the man- 
ner in which we have reduced those de- 
velopments to the printed work so that 
they may be passed on to students, in both 
school and industry, and not only in the 
United States, but wherever the English 
language is read. 


College Notes 


Dr. Harry P. Hammond, dean of the 
School of Engineering at the Pennsyl- 
vania State College, will retire with 
emeritus rank on Sept. 1 and will be suc- 
ceeded by Dr. Eric A. Walker, director 
of the Ordnance Research Laboratory 
and professor and head of the depart- 
ment of electrical engineering. The 


change was announced by Dr. Milton S. 


Eisenhower, president of the College. 


cee er 


Dr. Walker, came to Penn State on July | 


1, 1945, from Harvard Underwater 
Sound Laboratory. For the past year, 
Dr. Walker has been on a leave of ab- 
sence, acting as executive secretary of 
the Research and Development Board of 
the Department of Defense. 
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The Economic Advancement of 
Underdeveloped Areas’ 


By YALE BROZEN 


Professor of Economics, Northwestern University 


There is deep concern in the world 
today over the problem of underdevel- 
oped areas. The “problem” is a different 
one, depending on who defines it, but the 
common aspect of all the different “prob- 
lems” is the low level of per capita in- 
come in these areas. The United Nations 
report on Technical Assistance for Eco- 
nomic Development implies that the un- 
derdeveloped territories are those where 
resides “substantially more than half 
the world’s population” and where aver- 
age income per head is “less (often much 
less) than $100 per year” in contrast 
with an average income in the United 
States in 1947 of $1400. 

The average per capita income in an 
area may be raised by action along three 
different lines. One is a reduction of the 
population (by birth control or by in- 
crease of the death rate or emigration in 
those classes of the population which 
have little productive capacity) relative 
to non-transportable resources, if indus- 
try and agriculture are not operating in 
the range of increasing average returns. 
A second line is through an increase in 
resources relative to the population (by 
importation or accumulation of capital). 
The third line is through improvements 
in the average technology practiced. 

These measures inerease the kind of 
income that can be measured against 


1 This paper was made possible by grants 
from the Rockefeller Foundation and the 
Technological Institute at Northwestern 
University. An expanded version will ap- 
pear as a chapter in The Economics of 
Technological Change which will be pub- 
lished in 1952, 


6or 


money—the usual statistical concept of 
income. An ever present danger in de- 
velopment programs is that the sacrifice 
of psychic income from non-pecuniary 
sources may exceed the gain in psychic 
income resulting from the increased pro- 
duction of the goods which bring pecu- 
niary returns. The production of trans- 
ferable goods (those that can be bought 
and sold) may inerease at the expense 
of the production of non-transferable 
goods (love, stability, personal integra- 
tion, ete.). 


The Technological Level of Backward 
Areas 


The Point Four program is aimed at 
the problem of raising the average level 
of technology practiced in underdevel- 
oped areas. Average technology lags 
behind technological leaders who in turn 
lag behind technological possibilities. 
That these lags are greater than those 
dictated by economic considerations is 
not at all certain.? Usually, naive com- 
parisons of average productivity per 
head in less developed regions with that 
in highly-developed regions are used to 
show what technology can do. This fails 
to take account, however, of the difference 
in resource patterns and, also, confuses 
the problem of technological advance with 
the problem of the capital supply. 


2See Yale Brozen, Social Implications of 
Technological Change (available on request 
from the Social Science Research Council, 
230 Park Ave., New York 17, New York), 
Ch. 6 for a discussion of the distinctions 
between levels of technology and the lags 
dictated by economic considerations. 





602 


Even if capital were supplied on the 
same conditions as in highly developed 
areas, earnings possibilities may be in- 
adequate to attract a sufficient supply of 


capital to raise the amount per head to. 


the level prevailing in other areas. Aside 
from the question of the supply of labor 
skills or the institutional structure, the 
lack of earning prospects may be the 
consequence of the resource pattern. 
Technologies developed for an oil-coal- 
iron-waterpower-broadleaf-forest complex 
of resources are not easily transferable 
to tropical rain forest or semi-arid re- 
gions in which the primary source of 
power is wind and sun. Technological 
possibilities for such areas may be very 
low. 

Rather than simply transfer our tools 
and techniques to the world’s backward 
areas, a more economic procedure might 
be the development of an appropriate 
technology for those areas. A research 
and development program such as that 
which produced the designs for buses 
and trucks now used for desert runs in 
the Near East, together with the neces- 
sary new equipment, might be less costly 
than building a railroad. Such a pro- 
gram might make progress economically 
feasible where, with present techniques, 
it would be uneconomic. 

Directions for research programs de- 
signed to raise the level of technological 
possibilities must be carefully chosen in 
terms of both the economic results that 
may flow from new techniques and the 
value consequences. If an area is the 
major producer of an internationally 
traded commodity for which demand is 
inelastic and to which its resources are 
specialized, improvement in output from 
given quantities of resources will cause 
the terms of trade to move very adversely 
with small increases in the rate of pro- 
duction. As a consequence, area income 
will fall. In these circumstances, re- 
search should be directed toward the de- 
velopment of alternative uses for the re- 
sources of the area rather than the im- 
provement of present uses. 

The value consequences of changed 
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techniques of production must also he 


considered. 
fer the values inherent in cottage ip. 
dustry to those inherent in factory in. 
dustry, for example, research should lk 


directed toward the improvement of tech. [ 


niques of cottage production. 

The values inherent in cottage produc. 
tion of textiles have been recognized in 
legislation. The Province of Madras | 
India, prohibits the further expansion of | 
textile mills. Such action has been under. | 
taken because the values inherent in cot. 
tage industry are deemed to outweigh 
the value of extra product obtainable by 
reorganizing the industry along factory 
lines. 


om ors 


Appropriate Techniques and Industries | 


If natives of an area pre. | 





for Under-Developed Regions 


The selection of techniques to be used 
and industries to be developed in a re 
gion must be governed by the resoure | 
and market patterns of the area. If 
large amounts of capital are required to 
practice soil conserving farming, then | 
such farming technique should not be» 
practiced in regions with abundant sail 
and scarce capital. 

Resource patterns of underdeveloped | 
regions do not fall into any one type. | 
Generally, the regions into which Euro | 
pean immigrants poured were under. 
populated with the consequence that land 
intensive techniques and industries were 
appropriate. Usually, capital was scarce 
in such regions, as‘ well as manpower, 
which precluded capital intensive indu- 
try until much later stages of develop 
ment when an indigenous capital supply 
began to accumulate to add to foreign | 
sources. Technological possibilities wert | 
developed in the direction of both labor 
and capital-saving devices. 

Many of the areas which concern & 
today have high population densities | 
Here, the appropriate techniques and it | 
dustries are those which use much labor” 


Sree 





and relatively little land or capital 
Where the skill of the labor force is lov, |” 
the feasible techniques are those whic) 4 


require little skill intensity. 
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By introducing industry with a low skill 
requirement, the skill level of a labor 
foree may be raised in the process of 
learning the low level skill required. 
This may be more economical than at- 
tempting to raise labor skill to the level 
required for a machine tool industry by 
the more direct means of a sufficiently 
long training period. By starting a tex- 
tile industry, skill and textiles are pro- 
duced as joint products at a cost lower 
than that of producing them separately. 

The textile industry has been the great 
educator in industrial skills. It has typi- 
eally developed in regions possessing little 
factory industry. In it, labor learned 
the requisite discipline and skills which 
then became a part of the environment. 
Industry using higher level skills could 
then develop, taking labor which had 
grown up in such an environment and 
educating it to a higher level as easily 
as the textile industry had educated it 
to a low level. 

In regions where textile mills had 
been long established, industries requir- 
ing higher skills usually began bidding 
labor away from the textile mills. Costs 
of producing textiles in such regions rose, 
insofar as growth of skill did not suc- 
ceed in encouraging the use of skill- 
intensive techniques in producing textiles. 
As costs went up, new regions possess- 
ing supplies of low skill labor found it 
economic to establish a textile industry. 
In the United States, for example, the 
textile mills of New England succumbed 
to the combined onslaught of the com- 
petition for its labor by the more skill- 
intensive industries and the competition 
for its markets by the new mills of the 
Carolina Piedmont. The Piedmont is 
suffering a similar fate as the mills of 
Mississippi grow. 

It is not easy to judge what industry 
will be appropriate for an under- 
developed area by examining the resource 
combinations of those operating in better 
developed areas. Farming in the United 
States is capital and land intensive. 
This does not necessarily mean that farm- 
ing is precluded in areas lacking capital 
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and poor in land. Other techniques may 
be available which are not intensive in 


the scarce resources. Farm operation 
in some sections of the world uses tech- 
niques involving extreme labor intensity 
and very little capital and land. The 
little capital and land available is inten- 
sively worked and little of it is used per 
unit of product. 

With techniques of this latter type, we 
would expect high yields per acre, al- 
though yields per man would be low. 
Yet, we sometimes find areas of scarce 
land are also areas of low yield relative 
to the yields in the United States and 
Europe. Here, it would seem, is a place 
where great improvements can easily be 
made by a change in practice with little 
addition of resources. By changing the 
strain used, crop yields may be increased. 
It is conservatively estimated that yields 
in the rice-producing countries could be 
increased by 10 per cent if the best 
varieties were generally utilized, while 
the introduction of hybrid varieties of 
corn can add 20 or 30 per cent to the 
crops. Some changes, such as fertiliza- 
tion and irrigation, may require addi- 
tional capital. We might expect the ad- 
ditional capital to be extremely produc- 
tive in these circumstances. Development 
in these cases requires, then, an increased 
capital supply, or at least diversion from 
other uses, as well as a rise in the average 
level of technology. 

In almost every practical case, the 
problem of development involves a need 
for more capital if the better technique 
is to be put into operation. Since capital 
from abroad seldom amounts to more 
than a dribble, most areas must look to 
means of supplying their own capital. 
Essentially, this means they must either 
find ways to release resources from sub- 
sistence requirements or find ways of re- 
ducing consumption, assuming there are 
no large supplies invested in stores of 
value as in India. 

A most fruitful method of acquiring 
resources for use in capital construction 
is that of raising the health of the popu- 
lation and releasing the millions of man- 
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days lost through illness. A dose of DDT 
costing little may produce man-days re- 
leased from malarial confinements worth 
much. Water purification and sanita- 
tion measures may be similarly pro- 
ductive. 

The underdeveloped area in the modern 
world need not concern itself with de- 
veloping industry according to the prior- 
ity of wants as long as interregional com- 
modity flows are not barred. For it, 
resource patterns, technology, and mar- 
kets are the appropriate determinants of 
its growth. It is more efficient to engage 
in a land-intensive industry such as iron 
ore mining in an underpopulated area 
like Labrador than it is to grow food. 
Foodstuffs can be obtained with less 
expenditure of resources, under the pat- 
tern of available techniques, by mining 
ore and trading with other areas. Food 
production may be increased, then, by 
ceasing its direct production. 

Similarly, a backward area can de- 
velop a capital-intensive industry when it 
can compete with capital-rich industries 
of other areas for its capital rather than 
with capital-poor industries in its own 
area. To the extent that capital markets 
are imperfect, or that political or mone- 
tary instability-or property insecurity 
prevails, this does not apply. 

Finally, the sequence of industries and 
techniques used during a course of de- 
velopment will depend upon the rela- 
tionship of external economies. As long 
as transport is crude, small-scale opera- 
tions appropriate to a local market will 
prevail. The building of a bridge may 
connect markets (as in a recent instance 
in Liberia) and permit the growth of 
specialization and of large-scale, capital- 
intensive industry. The state of devel- 
opment of services such as transport, 
electric power, water supply, ete. is both 
consequence and determinant of indus- 
trial development. 

As industry grows in an area, indi- 
vidual concerns can shed functions to 
their gain and contribute to the founding 
of separate and new industries which in 
turn may make further industrialization 
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possible. As the fishing industry in tropj- 
eal Monrovia grows, it may finally pro. 
duce enough fish to supply immediate 
needs with enough left over to be quick- 
frozen for off-seasons and other markets, 
A refrigeration plant may then become 
economic, but it will have to produce its 
own power. Perhaps diesel or gasoline- 
engine driven compressors will serve it, 
As other concerns begin production, it | 
may finally become economic to founda ° 
central electric power plant. The re. 
sultant cheapening of power may then 
lead to manufacturing or other opera- 
tions which could not be undertaken if 
expensive self-produced power had to be 
used. A priority in the development of 
industry may be dictated, then, with those 
consuming little power or using an abun- 
dant domestic resource coming first. 
Those consuming much power without 
any offset through economies generated 
by use of an abundant local resouree 
must wait until the advantage of external 
economies in the production of power 
makes their operation economic. 

We have here three primary determi- 
nants of the developmental pattern. Re- 
source oriented industries which ean capi- 
talize on some resource relatively more 
abundant in the area, and market or- 
ented industries for whose produce a local 
market exists, are one element in the pat- 
tern. The second element in the pattern | 
is the barriers between the area in ques- | 
tion and others. High barriers dictate | 
that priority of wants and local supplies 
of the kinds of resources (capital and 
skilled labor) that might otherwise im- 
migrate must rule the developmental pat- 
tern. If no barriers exist, then only the 
non-transferable resources and _ trans 
portation economies in supplying the 
local market, that is, the first set of de- 
terminants, will dominate. Finally, the 
time sequence of the developmental pat- | 
tern is important. Industry using low 
level skills and suffering little from the | 
lack of external economies should be i 
founded first. Industries using high | 
level skills and dependent on external | 
economies can then follow. P: 
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ECONOMIC ADVANCEMENT OF UNDERDEVELOPED AREAS 


False Issues in Development of 
Backward Areas 


In the opening paragraphs, we warned 
against the application of Western 
standards to low income areas in judg- 
ing whether or not a developmental pro- 
gram should be instituted. A society in 
which men prefer planting their sweet 
potatoes in a neighbor’s field in order 
to have the pleasure of companionship is 
not to be lightly regarded as suffering 
from a lack of indoor plumbing. If 
leisure and aimless camaraderie are pre- 
ferred to variety in adornment, frequent 
baths, and gasoline powered vehicles, 
then a proper measure of income may in- 
dicate a higher level per capita than 
that prevailing in “advanced” regions. 

Many of the programs proposed for 
less-developed areas emphasize indus- 
trialization as a goal. The resource pat- 
terns found in some regions, however, 
will yield higher per capita incomes if 
used in agricultural pursuits or other 
non-industrial uses. The yearning for in- 
dustrialization is rational for these areas 
only if we presume that their populations 
want to prepare for war or if this is 
the only method of inculeating new atti- 
tudes toward marriage and family size 
which will have desired effects on popu- 
lation density. 

Even where industrialization is ap- 
propriate, there is often an unwarranted 
eagerness to develop heavy, large-scale 
industries. Industries such as steel, for 
example, are the late comers in any se- 
quence of industrialization. Unless a 
large market, on the order of an annual 
demand for half-a-million tons, is avail- 
able, and unless men skilled in organi- 
zation have been trained and have a back- 
ground of experience, a_ steel industry 
will prove uneconomic although all the 
necessary limestone, coal and ore may be 
present. For a balanced steel industry, 
a three million ton market is required. 
Respect must be paid to the necessity of 
following the sequences discussed above 
in industrializing an area. 
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If economic development requires the 
building up of extractive industries such 
as mining and lumbering, the cry is often 
raised that the area is exploited. Mate- 
rials are being removed, is the com- 
plaint, that should be kept as a basis for 


domestic industry. Aside from any con- 
servation issue, the deposit or timber 
stand involved simply represents a cer- 
tain amount of capital in a specific form. 
If the natives of any area are able to 
eonvert this capital into other forms by 
selling the specific capital items, they will 
be able to obtain other kinds of capital 
embodied in the form of trucks, pumps, 
tools, and similar items which can con- 
tribute more to increasing the productiv- 
ity of their labor than idle capital in the 
form of undeveloped natural resources. 
If the native population chooses to dis- 
save, that is, to use the proceeds from the 
sale of capital items to increase their 
consumption, this surely is a decision 
they are entitled to make. 

Usually, the question of exploitation 
ean be validly raised only when land 
tenure systems are such as to permit 
foreigners to dispossess native owners 
without adequate compensation for the 
property involved. The charge of such 
action can be leveled with merit against 
many colonial administrations. This, 
however, is a question of property rights 
rather than a question of the type of in- 
dustry appropriate for the region in 
question. 

In some areas, there is a fear that 
permitting foreigners to withdraw the 
earnings on their capital is exploitative. 
Investment by foreigners increases pro- 
duction. The private returns to foreign 
investors will be less than the increase 
in production. By permitting withdrawal 
of profits, natives will find that invest- 
ment will be made by foreigners that 
would otherwise be blocked, and that 
native living standards will rise since 
even complete withdrawal of private 
earnings by foreigners will leave the area 
economy with a net increase in supplies 
of goods. This will be true, if for no 


other, reasons, because natives will not 
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take jobs in enterprises started by for- 
eigners unless the jobs pay as well as or 
better than those they leave, assuming no 
preferential treatment is used to force 
natives into such position (such as the 
head tax and hut tax widely used in 
Africa). 

The capital supply is a problem often 
raised in discussions of area development. 
It is absurd to presume that the United 
States can supply more than a dribble of 
capital to other areas. The five billion 
dollar a year Marshall Plan was only a 
drop in the European bucket, largely 
useful as an incentive to Europeans to 
re-order their economy, yet it was one of 
the causes of inflationary pressure in the 
United States. In the total world situa- 
tion the few billions the United States 
can afford each year can do little more 
than provide for technological leaders. 

Native capital must furnish the long 
run base for development programs. At 
present, much of the native capital that 
might be available is grossly misdirected 
because social institutions inhibit produc- 
tive use of it. Natives who might devise 
or institute new techniques, develop enter- 
prises, or furnish the capital for such 
projects fail to do so because of arbi- 
trary tax laws, discriminatory procedures 
used by colonial administrations, indefi- 
nite property tenure systems, leases 
which afford no motivation for economic 
use of land, lack of knowledge of possi- 
bilities, political arrangements such that 
the return to efforts directed toward ob- 
taining power is greater than the return 
to developmental efforts, and a host of 
related reasons. 

Another issue raised in connection with 
the role of the United States is the ef- 
fect of development abroad on the U. S. 
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economy and the living standards of its 
workers. If foreign industry develops 
with the use of low-paid labor, will we 
not have to raise our tariff barriers or 
suffer lower living standards? Any ele. 


‘mentary economies textbook can answer 


this question and does answer it with an 
emphatie “No!” By wiping out the in- 
volved, cumbersome U. S. customs pro- 
cedures and permitting free entry of 
goods, we can aid development in the 
underdeveloped areas and raise our liy- 
ing standards. Our workers will find 
relatively more productive job oppor- 
tunities opening up for them and the in- 
ternational division of labor will increase 
world production with the consequence 
that there will be more goods for U. §. 
nationals as well as for foreigners. For- 
eign living standards will rise, but not at 
our expense. Our living standards will 
rise as well. 

Finally, we must warn again against 
judging the appropriateness of an in- 
dustry for a particular area by the form 
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of its technical organization in a devel- | 


oped area. Modern textile industry in 


advanced areas uses large quantities of | 


capital and little unskilled labor. Despite 


the lack of capital and abundance of un- | 
skilled labor in less-developed sections, | 


it may pay to introduce textile industry. 
The techniques employed, however, should 
not be those common to advanced areas 
but, instead, those which make use of the 
resources abundant in the area in ques- 
tion and minimize the use of its scarce 
resources. American engineers aiding 
such developments will be less often ac- 
cused of uneconomic “over-design” of in- 
stallations if they stop slavishly imitat- 
ing the techniques they have seen used in 
their own country. 
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Engineering Norms for the lowa Chemistry 
Aptitude Test, Form M 


By WILLIAM C. KRATHWOHL 


Director of Tests, Institute for Psychological Services, Illinois Institute of Technology 


In the manual for the Iowa Placement 
Examinations, Form M, separate sets of 
norms are given for engineering and lib- 
eral arts students for the mathematics 
and physics aptitude tests, but only one 
set of general norms is given for the 
chemistry aptitude test. Since the mathe- 
matics and physics aptitude norms for 
engineering students differ markedly 
from those for liberal arts students, it 
was felt that there might also be a simi- 
lar difference for the chemistry aptitude 
test. Such has been found to be the 
ease in this instance. These norms for 
engineering students should be particu- 
larly valuable to high school counselors 
for use with students who plan to enter 
the engineering profession. 


TABLE I 


ENTERING FRESHMAN ENGINEERING 
StupEnt NorMs For THE Iowa 
CuEeMistryY APTITUDE TEST, 











Form M 
Preatite Raw Scores hae Raw Scores 

99 122 50 95 
95 117 45 92 
90 113 40 90 
85 109 35 88 
80 107 30 86 
75 104 25 83 
70 102 20 80 
65 100 15 77 
60 98 10 73 
55 97 5 63 

1 46 
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The norms for the Iowa Chemistry 
Aptitude Test, Form M which are given 
here for entering engineering students 
are based on 675 engineering students 
at the Illinois Institute of Technology, 
who entered between September 1948 and 
February 1950 and who had complete 
records. These 675 students are classi- 
fied into the following engineering 
groups: 222 mechanical, 203 electrical, 
136 chemical and metallurgical, 82 civil 
and 32 industrial. 

The chemistry aptitude norms for these 
students are contained in Table I. 

The statistical constants for these norms 
are: mean = 92.8, sigma =15.6, and 
median = 94.6. 

In order to get an idea of the kind of 
students who constitute this group, sta- 
tistical constants for them are given in 
Table II, for the 1945 edition of the 
American Council on Education Psycho- 
logical Examination, and also for the 
Bennett-Fry Test of Mechanical Com- 
prehension, Form BB. The psychologi- 
cal examination was used to indicate 
something of the mental ability of the 
students being tested, and the mechani- 
cal comprehension test was used to com- 
pare the entering freshmen group with 
the group who entered with advanced 
standing. 

These scores give evidence that the 
group has some of the typical character- 
isties of engineering students. For in- 
stance, the mean of their total scores is 
higher than that of the average liberal 
arts student and likewise their perform- 
ance on the Q parts of the test is much 
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The me- 


higher than on the L sections. 
chanical comprehension data show that 
the group, as far as this test is con- 
cerned, is typical of engineering fresh- 
men. 

Norms on the Iowa Chemistry Aptitude 
Test, Form M, for engineering students 
who entered with advanced standing, are 
given for two reasons. (1) Students en- 
tering with advanced standing should 
have a higher performance on an aptitude 
test than do freshmen, because there is 
a certain amount of learning connected 
with most written aptitude tests, and be- 
cause most students with advanced stand- 
ing have already undergone a screening 
effect in their freshmen year which elimi- 
nates the less able students. (2) Admis- 
sion officers nowadays are faced with the 
problem of admitting more students with 
advanced standing in comparison with 
freshmen than they formerly did. This 
problem has arisen because of the in- 
creased number of junior colleges which, 
with comparatively lower tuition fees, at- 
tract students to complete one or two 
years at those schools before entering the 
technical college of their final choice. 

Table III gives the norms for the Iowa 
Chemistry Aptitude Test, Form M for 
advanced engineering students. These 
norms are based on 532 students who 
entered the Illinois Institute of Tech- 
nology with advanced credits and who 
had complete records between September 
1948 and February 1950. The students 
are classified into the following engineer- 
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TABLE III 


ADVANCED ENGINEERING STUDENT Norms 
FOR THE IowA CHEMISTRY APTITUDE 
Test, Form M 











Peon Raw Seon “oo Raw Geom 
99 127 50 107 
95 122 45 106 
90 120 40 105 
85 118 35 103 
80 117 30 101 
75 115 25 98 
70 113 20 96 
65 112 15 93 
60 110 10 89 
55 109 5 83 

1 73 

















ing groups: 169 mechanical, 160 electri- 
cal, 84 chemical and metallurgical, 63 
civil, and 56 industrial. 

The statistical constants for these 
norms are: mean = 105.9, sigma = 12.1, 
and median = 107.4. 

In order to get an idea of the kind of 
students who constitute this group, statis- 
tical constants for them are given in 
Table IV for the Ohio Psychological Ex- 
amination, Form 22, the Iowa Physics 


Aptitude Test, Form M, and the Bennett- | 


Fry Test of Mechanical Comprehension, 
Form BB. 

The fact that the national percentile 
rank on the Ohio Psychological Examina- 
tion is not higher than 51 is probably due 











TABLE II 
STATISTICAL CONSTANTS FOR THE ENTERING FRESHMAN GROUP 
Tests Mean Sigma Median Fete For Comparison Group 
A.C.E. Psychological 
Examination 
Total Score 118.9 19.2 118.7 75 College Freshman 
L Score 69.0 14.3 68.9 65 College Freshman 
Q Score 49.7 8.2 49.9 84 College Freshman 
Bennett Mechanical 37.5 10.0 38.2 46 Engineering 
Comprehension—BB Freshman 
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TABLE IV 
SratisTIcCAL CONSTANTS FOR THE ADVANCED STANDING GROUP 
Mean | Sigma | Median | Phe ae For Comparison Group 

fe | | — 
Ohio Psychological Exam- 90.0 | 22.1 | 89.2 | 51 | College Freshman 

ination, Form 22 | | 
Iowa Physics Aptitude, M | 65.2 | 111 | 64.9 | 60 Engineering 

| Freshman 

Bennett Mechanical Com- | 41.3 | 9.1 42.3 62 Engineering 

prehension, Form BB | Freshman 
to the verbal nature of this test. Engi- vanced student has had at least differen- 


neering students seldom do as well on 
verbal tests as they do on tests involving 
quantitative or abstract material. 

As was expected, the percentile ranks 
for the medians for the Physics Aptitude 
Test and the Mechanical Comprehension 
Test are above those for entering fresh- 
men. 

The mean percentile rank on the Me- 
chanical Comprehension Test for ad- 
vanced students is higher than that for 
the entering freshmen, probably because 
of the screening effect of the first year 
or two in an engineering school. 

In order to discover the degree of ad- 
vancement of these students, an average 
was found of the highest course in mathe- 
matics which had been offered for en- 
trance. If college algebra is counted as 
1, analytical geometry as 2, differential 
calculus as 3, integral caleulus as 4, and 
differential equations as 5, the average 
highest course was found to be 3.01. 
This number shows that the average ad- 


tial caleulus before entering, which places 
the average of the group at not less than 
the middle of the sophomore year. Just 
how much more advanced the average of 
the group is cannot be estimated from 
this data, since there usually is no re- 
quired mathematics for the junior and 
senior year. 

It is hoped that the use of these norms 
will be of help to counselors and advisors 
in giving a clearer picture of the chemis- 
try aptitude of an engineering student 
than if such a student were compared 
with a group of general freshmen. 

An inspection of the national percen- 
tiles of the medians for the various tests 
indicates the necessity for differentiating 
between engineering students and stu- 
dents in general. It also suggests the ad- 
visability of establishing norms for dif- 
ferent years in an engineering school. 
Such a set of norms should prove to be 
useful, particularly in our present state 
of national emergency. 


College Notes 


President Dawson was honored by re- 
ceiving the Doctor of Engineering Degree, 
Honoris Causae, from the University of 
Syracuse and Nova Scotia Technical Col- 


_ lege. He delivered the principal address 
s at the anniversary celebration of the L. C. 
| Smith School of Applied Science at Syra- 















 cuse University and also at the gradua- 


tion of the Nova Seotia Technical College. 








| Throughout the year, President Dawson 





has visited many of the ASEE Section 
Meetings, including those of the South- 
western Section, the Rocky Mountain See- 
tion, the North Mid-West Section, the 
Michigan Section, and the Missouri See- 
tion. He has also attended meetings of 
the ECPD, the Division of Relations With 
Industry, and other group meetings in- 
volving ASEE participation. 








Photoelasticity: A Powerful Educational Tool 


By EVERETT CHAPMAN 


Consulting Engineer, West Chester, Pennsylvania 


Photoelasticity, as an educational tool, 
has several strong appeals. 

It is an exact method. Certain mate- 
rials exhibit double refraction when 
strained and the theory has a mathemati- 
cally exact correspondence with the elastic 
theory of stress distribution. Thus, the 
method will quantitatively check the re- 
sults of simple analysis and will reach far 
beyond into problems whose boundary 
conditions make them all but impossible 
of solution. 

For example, much fruitful work is to 
be done in the untouched field of stress 
relieving curves. The sophisticated de- 
signer has been taught to incorporate 
generous radii at abrupt changes of 
boundary contour—but he still puts in 
segments of circles because he has a com- 
pass. The author has found that ellipti- 
cal blending curves are much more effec- 
tive than circular radii in preventing 
bursting of turbosupercharger wheels. 
Other curves may be even more effective. 

The most powerful educational ad- 
vantage, however, lies in the tremendous 
eye-appeal of the method. The visual 
impact of a photoelastic image drives 
home the fundamentals of sculptured de- 
sign for fatigue-tough structures as no 
other method can do. No other method 
so quickly emphasizes the importance of 
stress distribution in so colorful a man- 
ner. The entire stress pattern, the local 
“hot spots” in the design where failure 
will initiate are presented to the student 
either in all the colors of the rainbow or 
with the detail of a fine etching and the 
brilliance of mathematical perfection. 

Photoelasticity does not measure the 
properties of materials: it does measure 
the relative values of the stress from point 
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to point within the boundaries of ,” 
strained shape—hence the picture ¢ 
“stress distribution” and the arrestin | 
emphasis on the “hot spots” where failuy © 
will initiate. 

The theory can be simply stated. Ce. 
tain materials exhibit double refractia § 
when strained—the amount of doubk 
refraction is proportional to maximm/ 
shear stress. This is the basis of th} 
exact one-to-one correspondence of th! 
photoelastic image and the mathemati 
behavior of any strained elastic body. | 

It only remains to examine the degr| 
and distribution of double refraction | 
get the complete picture of the stres 
distribution. Note that the image & 
pends only on the shape of the modd| 
and the manner of loading. This is th 
great short cut through tedious mathe, 
matical methods where boundary condi’ 
tions in complicated. shapes severely limi 
quick analysis. Cut any shape the imag: 
nation can conceive: load it in any mal 
ner you wish: the picture is correct aul)” 
easily interpreted. Prove the simple cas 
of two point bending and reach out fro 
there. 

Double refraction results in inte 
ference phenomena when examined w- 
der polarized light and this is the basi) 
for the optical set-up used to examil) 
the stress pattern. 





Color Patterns and Stress Distributiow 


When using white light, having a col 
tinuous spectral distribution for illum) 
nation, one frequency will be cancel)” 
out by interference at each point of cory) 
stant double refraction (constant mat 
mum shear) leaving a brilliant colt) 
which is white light minus one frequen” 
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PHOTOELASTICITY: AN EDUCATIONAL TOOL 


The colors do not appear in the usual 


' rainbow sequence: they are brilliant and 
| arresting. 


These are the isochromatic lines—lines 


' of constant color—lines of constant maxi- 


mum shear. 

The first color appears at the point 
where the structure will fail and will re- 
peat itself as the load is increased until 
the “hot spot” is surely marked for at- 
tention. The remainder of the structure 
assumes the characteristic hues in a lazy 
manner, showing that generally the ma- 
terial is not working very hard; while 
the “hot spots” painfully assume most 
of the burden. 

Such a demonstration never fails to 
open a world of feeling and speculation 
to the young student or engineer who may 
have wondered how far P/A and Mc/I 
ean take him in the field of aircraft 
structures, for example, where every 
pound of material must do its utmost 
without failure. 

When using monochromatic light where 
only one frequency is present, the image 
has the detail of a fine etching and the 
brilliance of mathematical perfection. 
The 5460A line in the mercury spectrum 
is a popular source of monochromatic 
light since the line is brilliant and excel- 
lent filters are available for isolating it. 
Monochromatic illumination at a single 
frequency is cancelled out by the double 
refraction: so there are no gradations of 
color to keep track of—the image is a 
series of black and green lines—ex- 
quisite in detail and sharpness. If these 
lines of constant maximum shear are 
sketched or photographed, one immedi- 
ately has a contour map of a “rugged 
terrain” whose altitude at any point 
equals maximum shear. 

Another interference phenomena, best 
exhibited under white light, occurs where 
the principle stresses are parallel to the 
plane of polarization of the polariscope. 
Thus, with plane polarized white light, 
black lines will be superimposed on the 
brilliant colors. These black lines are 
the locus of all stresses parallel to the 
plane of polarization. 





OII 


Sketch these black areas, noting the 
plane of polarization: shift the plane of 
polarization a few degrees and sketch the 
new locations of these black areas: re- 
peat. Such a procedure, taken through 
90 degrees produces a map of the stress 
trajectories: the flow of stresses in the 
strained shape is immediately apparent. 

These are the isoclinie lines—lines of 
constant stress inclination. 

There are two considerations that pre- 
vent photoelasticity from being king of 
all experimental methods in simplicity, 
speed, and comprehensiveness. Neither 
of these considerations are blank wall 
limitations: in fact, surmounting them 
only appears complicated by contrast 
with the utter simplicity of what has gone 
before. 

First: While the isochromatic lines 
(lines of constant maximum shear, which 
is (p-q)/2,) and the isoclinies (lines of 
constant stress orientation) can be 
sketched in a few minutes, the separation 
of the p and q stresses from the (p-q)/2 
information takes longer. There are 
several methods of effecting this separa- 
tion which are treated in the standard 
texts on the subject. 

In this connection, the author would 
like to make a practical point. It is not 
necessary to separate p and q stresses at 
the boundary, since the normal compo- 
nent q vanishes at the boundary. Hence, 
the value of the isochromatic line where 
it intersects the boundary is the value 
of the tangential stress at that intersec- 
tion. 

The boundary stresses can be read with 
the utmost ease. Since most of the 
trouble with a structure occurs at the 
boundary, it seems to the writer that 
enunciation of p and q stresses in the 
body of the specimen has more academic 
than practical interest. 

Second: While the method is fast, easy, 
and direct in two dimensions (models 
ean be cut from flat plastic in ten min- 
utes from the template), the technique 
of three dimensional photoelasticity is 
more difficult and painstaking by con- 
trast. , 
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The method consists of “freezing” the 
stress pattern in a lumpy piece of plastic 
whose shape is under investigation: then 
slicing the model on appropriate planes. 
Slicing does not disturb the stress pattern 


if done carefully. After polishing to 
constant thickness, the slices are ex- 
amined as a two dimensional specimen 
with the same ease as before. The au- 
thor, in several investigations, has used 
this method and is not impressed by the 
alleged “difficulties” of three dimensional 
photoelasticity. 

Educationally, from where the teacher- 
student sit, all the feeling for flow of 
stresses, the necessity for blended sculp- 
tural design, and solutions of many im- 
portant plane stress problems are quickly 
and easily apparent from two dimen- 
sional studies. There is no dearth of in- 
teresting and fruitful cases in two dimen- 
sions. Suffice for the student to know 
that excursions into the three dimen- 
sions follow exactly the same principles 
at the price of a little more work. 

The requirements of a photoelastic 
laboratory are simple and inexpensive. 


Model Making 


Sir David Brewster enunciated the 
principle of “forced double refraction in 
glass” before the Royal Society in 1816. 

The succeeding struggles of those who 
satisfied their intrigue with the method 
by working in glass certainly erected 
some sort of monument to scientific curios- 
ity. Mesnager studied a complete arched 
bridge made of glass in 1916. 

Glass is many times more difficult to 
work than some of the available plastics 
and these easily worked materials are 
many times more sensitive for “forced 
double refraction.” Models will occasion- 
ally break. In glass, it must have been 
a catastrophe: in plastic, the author’s 
technique has a new model ready in ten 
minutes. 

The best all around 
as CR-39. CR-39 is 
sheets whose polished 
tirely adequate. It is 


plastic is known 
available in flat 
surfaces are en- 
very inexpensive 
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compared to others, has negligible ageing : 
and ean be easily machined with straip | 


free edges. 


The essence of producing a strain-fre 


edge is to cut the edge: it must not be rub. 
bed. Edge stresses are heat stresses 
resulting from rubbing by dull tools o 
improperly ground tools. The write 


has found that a 144” diameter tungste [ 


carbide cutter with 48 teeth, running a 
20,000 rpm, euts CR-39 and does not rub | 
it. Very light cuts are taken at quite fast | 
feeds. Tungsten carbide stays sharp and 








maintains its eutting edge on CR-30, f 


Other materials dull quickly. 


A sturdy template is prepared from | 
100 brass or aluminum of the desire | 
shape and the plastic sheet is seribei [ 
from this template leaving about Yoni | 





inch all around. This does not have to 
be too accurate. The model is sawei | 
from the sheet using a high speed vibra. | 
tory jig saw with short rapid strokes 
The plastic, fastened to the template, is 
guided against the high speed cutter in 
two cuts, a roughing and finishing ct. 
Only ’.005 is taken off at the last ent 
The template is not mutilated and is 
thus available for a series of models ot 
quick replacement in case of breakage 
of the model. Using a nicely aligned 
spindle and work table,  strain-fre| 
square-edged specimens can be made i| 
ten minutes from the template. ' 
: 
Loading the Model ' 

The loading frame should be equippei 
with shackles, pins, ete. so that tensior, 


bending and compression may be im/ 


posed on a model. The guillotine’ typ 
of loading frame is the most versatile. 

The loading mechanism should be a 
ranged to gently load and unload tht 
model while the image is being examined. 
In this way, the first lines to appear ¢al | 


be identified and proper values assignel | 
to succeeding lines. The manner in whith | 
the stress pattern builds up is the key) 
to reading the stress distribution, th” 
location of the “hot spots,” the points of 
contraflexure, and the socalled isotropt | 
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points which are the areas where the 
principle stresses are either finite and 
equal or equal to zero. From elastic prin- 
ciples, no stress can exist in a corner 
whose angle within the model is less than 
180 degrees. Hence, such points are 
landmarks of known zero stress from 
which values can be assigned to adjacent 
lines. A student can learn to read the 
pattern as it forms in about ten minutes, 
once the pertinent features are pointed 
out to him. 

The essence of fast interpretation is to 
have controls of the load right at the 
viewing station, so the load can be 
changed while the model image is being 
studied. 

It is helpful to have the loading mech- 
anism adapted for slow loading by means 
of sand, lead shot, or water. Movies of 
the build up of the stress pattern taken 
under such loading conditions can be 
striking when shown to a large group. 


The Polariscope 


The polariscope should be equipped 
with both white light and a mercury 
vapor lamp provided with suitable filters 
for isolating the 5460A line. This is a 
good line because it is brilliant, the avail- 
able filters are good and it is good photo- 
graphically. The two light sources should 
be mounted so that either may be quickly 
selected. 

It is essential that the model be illumi- 
nated by a beam of parallel light. If the 
light through the model is not parallel, 
false readings will result; because the 
interference phenomena on which the 
method depends, has the thickness of the 
model as a parameter. Thus, non-parallel 
light travels a longer path through the 
model than a parallel beam and results 
in false data. For the same reason, the 
square-edged specimen discussed under 
model making is essential if boundary 
stresses are to be accurately read. 

Aspheric lenses having parabolic sur- 
faces are excellent for producing maxi- 
mum intensity beams of parallel light, 
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since such a figure can be made to work 
at small F numbers. 

Polaroid, preferably in glass, is the 
best means for producing a large aperture 
beam of polarized light. 

Quarter wave plates are essential to a 
working polariscope. They take out 
the isoclinics (lines of constant stress 
orientation) so that the constant shear 
lines are uncontaminated while the stress 
field is being evaluated. They should be 
mounted so that they may be used either 
in the crossed or parallel position. The 
crossed position results in a dark field 
background, while the parallel position 
reverses all lines and gives a bright field 
background. This is useful in boundary 
stress evaluation since it seems easier 
with a bright field to locate the exact 
point of intersection of a given line with 
the boundary of the model. 

A collimating lens then brings the 
parallel beam into an image forming lens. 

A most convenient sketching arrange- 
ment is provided by incorporating a 
prism at this lens station so that the 
image of the specimen is projected down- 
ward on a sketch pad rather than hori- 
zontally onto the conventional screen. 
Manually sketching the lines of the 
phenomena augments the visual impact. 
Edueationally, this is of extreme impor- 
tance in fixing the content in the student’s 
mind. 

The polarizer and analyzer should be 
synchronized together in the crossed posi- 
tion and rotatably mounted so the plane 
of polarization can be varied at the 
sketching station without the inevitable 
distraction that accompanies fussy adjust- 
ments with each unit, reading the cor- 
responding angles and making sure the 
two are always crossed as the plane is 
changed. Thus, the attention can be 
focussed on the main event. 

To summarize the educational advan- 
tages of the photoelastic method as an 
adjunct to courses in strength of mate- 
rials and structures: 


(1) The method is exact and quanti- 
tative... 





(2) The method has no limitations as 
to complexity of shapes that may be 
evaluated. ‘ 

(3) Simple, versatile techniques and 
apparatus are available. 

(4) Use of the method develops feel- 
ings for the flow of stress in a structure, 
emphasizes the need for sculptured de- 
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student wary of the “sharp corne’ 
trap into which so many designers hay 
fallen. 

(5) The method has tremendous ey. 


appeal which can be augmented by tk/ 


manual exercise of sketching. 


In the News 


The following letter was sent by Engi- 
neering Manpower Commission to Sena- 
tor Richard B. Russell, Chairman of the 
Senate Armed Services Committee, and 
Representative Carl Vinson, Chairman 
of the House Armed Services Commit- 
tee, on April 25. The information 
therein was also furnished to General 
George C. Marshall, Secretary of De- 
fense. 


‘‘The Engiteering Manpower Commis- 
sion, formed by six leading professional 
engineering societies having a combined 
membership of 140 thousand engineers, is 
concerned over the shortage of engineers 
available to the Armed Forces and to 
civilian activities essential to the country 
in the present emergency. In view of such 
shortage, the Commission is urging the 
necessity of conservation of the important 
resource of men trained and experienced in 
engineering to the end that a balance of 
supply be maintained between these com- 
ponents needing such specialized personnel. 
We are further urging that such personnel 
be employed so far as possible in ways 
utilizing to a maximum degree the train- 
ing and experience they possess. The Com- 
mission recognizes that there is no group 
in our country that may substitute for the 
engineers. This makes more compelling 
the need for wise and efficient deployment 
of the service they are willing and eager 
to render. 


‘*A very large number of engineers nm) 
holding some form of reserve status an? 


engaged in civilian occupations vital t 
our security and welfare. Thus the util 
zation of the talents of these men effec 
both civilian and military necessities. Iti 
the belief of, the Commission that prope 


sign, points up the origin of fatigy! 
failures, and, in particular, makes th) 
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use of these necessary specialized personnd” 
cannot be insured if decisions on ini’ 
viduals be made by persons who reflect on’ 


category of need primarily, but that bol 


civilian and military needs must be mi” 
from the limited supply through joint ded” 


sion of civilian and military agencies. 
‘*The Commission, therefore, by unati 


mous action at its meeting on April 4) 


1951 endorsed the provision of the Bill $1 
as amended and printed on April 17, 191 


beginning with line 23, page 55 to fom) 


‘one or more civilian reserve defermet 


appeal boards’ to deal with the callin 


of reservists. It is suggested that mil 
tary representation might properly be i 
cluded on such board or boards, and thi, 
to give effect to such ‘participation, th 
word ‘who’ in line 3, page 56, be replace! 


by ‘a majority of whom.’ A similar boal)> 


should be created and charged with th 
coordination of regional boards. The Cor 
mission otherwise endorses the provisids 


for the boards of the amended bill fry 
line 23, page 55, including line 2 page 51.’ 


Respectfully submitted, 


ENGINEERING MANPOWER COMMISSIO) 


CarEY H. Brown, Chairman 
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Drafting Problems Encountered in Structural 
Steel Fabrication 


By R. M. SHERMAN 


Executive Engineer, Central Texas Iron Works, Waco, Texas 


The title of this paper “Drafting Prob- 
lems Encountered in Structural Steel 
Fabrication” lends itself to more than one 
interpretation as to the context of this 
writing. I shall treat this subject from 
the standpoint of the drafting depart- 
ment of a structural steel fabricator con- 
sidered as a definite unit of the business 
and shall discuss the many problems in- 
volved in the operation of this unit. In 
preparing this paper, I want to acknowl- 
edge the helpful advice and council of 
Mr. M. R. Van Valkenburgh, whose many 
years of experience in this field have 
made him a recognized authority. 

Since structural steel in its final fabri- 
eated form is almost invariably incor- 
porated in structures wherein public 
safety or public health is involved, it be- 
comes necessary to provide that its de- 
sign, fabrication and erection be done by 
or supervised by Professional Engineers. 
All forty-eight States have statutes which 
generally place this responsibility in the 
hands of Registered Professional Engi- 
neers. In this three-step process of de- 
sign, fabrication and erection, the struc- 
tural steel fabricator holds a key position. 
It is his responsibility to faithfully carry 
out the requirements of the design draw- 
ings through his own processes, which 
substantially consist of two steps; the 
making of shop details and actual shop 
fabrication. For fear of over-simplifica- 
tion of this. process, let it be stated that 
the entire structure of a structural steel 





* Presented at the Mid-Winter Meeting 
of the Engineering Drawing Division, 
a Texas A. & M. College, January 19, 

51. 
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fabricators organization is complex and 
intricate, requiring major financing, much 
experience and the application of profes- 
sional knowledge and special skills. 

The purpose of the preceeding observa- 
tions is to place the making of shop de- 
tails—the drafting department in this 
organization—in its proper and vitally 
important place in this process of de- 
sign, fabrication and erection of struc- 
tural steel. In its own organization, the 
drafting department, to quote from the 
recent handbook on Structural Shop 
Drafting published by the American In- 
stitute of Steel Construction, is “the hub 
around which all operations turn.” 

The one purpose of the drafting de- 
partment is to interpret intelligently 
plans and designs prepared by practic- 
ing Professional Engineers and to convey 
these interpretations into structural shop 
details which, when used to process struc- 
tural steei shapes, will result in a strue- 
ture which will be a faithful reproduction 
in steel of the designing Engineers plans. 


Organization of the Drafting Department 


The conventional organization usually 
consists of a Chief Engineer, a Chief 
Draftsman, checkers and detailers, where- 
in the Chief Engineer is the general ex- 
ecutive director of the drafting depart- 
ment as well as the Engineering Execu- 
tive for the entire organization, with the 
Chief Draftsman in direct charge of the 
management of the drafting department 
and scheduling the work so that orders 
are processed in the proper sequence 
and in such a manner that the talents of 
his men are used to the best advantage. 
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It is under the direction of the Chief 
Draftsman that all shop details are made 
and it naturally follows that he is re- 
sponsible for the accuracy of the draw- 
ings, maintaining of standard procedures, 
and the solution of technical and mathe- 
matical problems. 

It would appear that a drafting de- 
partment, to operate with the most ef- 
ficiency, should be manned by Engineer- 
ing graduates with years of experience. 
However, from an overall standpoint, the 
tasks to be performed vary from the 
most menial and relatively simple to the 
most intricate and involved, and there- 
fore, under professional supervision, it 
is possible from a standpoint of economy 
to use men of lesser education and experi- 
ence in the lower bracket and men of 
more experience and education in the 
upper bracket. One of the problems of a 
drafting department is proper balance of 
experience to inexperience and a bal- 
ance in the various levels of education. 

It would be possible to operate a size- 
able structural drafting department com- 
posed of draftsmen whose education ex- 
tended very little past high school, pro- 
vided the experience factor was in the 
proper proportion, but very few fabri- 
eators would want such an organization. 
Structural steel is purely an engineered 
product and one of the most important 
points of control, the preparing of shop 
details, cannot be entrusted entirely to the 
layman. Therefore it becomes necessary 
to have in the drafting department or- 
ganization a sufficient number of key 
personnel who are Professional Engineers 
and who have sufficient experience to 
give them an easy and ready knowledge 
concerning the engineering plans with 
which the department is working. These 
men are usually assistants to the Chief 
Draftsman or are checkers or squad 
leaders. 

The importance of engineering knowl- 
edge and experience in the drafting de- 
partment cannot be overestimated, for it 
is easily possible for serious weaknesses 
in the finished structure to develop 
through ignorance of engineering princi- 
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ples while the shop drawings are being! 
made. It is true that it is customary fy 
the designing Engineer to check the shy 
drawings upon completion to see that gj 
connections are safe and that all framin) 
is handled properly before the drawing) 
are placed in the shop for fabricatiq, | 
Such checking, however, is a_ tedioy 
chore, and many designing Engine) 
only give the drawings a rather rong 
check and rely upon the fabricator {| 
have a drafting department . of hig 
enough professional level to eliminay 
connection and framing errors and at thy 
same time possibly catch some errors th} 
Engineer himself might have made. Sud 
practices are probably frowned upon hf 
the elite in the Consulting Engineeriny! 
field who operate large organizations, bit} 
still a large number of smaller operaton! 
to some extent rely upon the pron 
knowledge and integrity of the sted 
fabricator. 

Since the steel fabricating business « 
an industry is solidly founded and rek- 
tively free of “in and outers,” most fabr- 
eators have built their drafting depat- 
ments along such lines that they ar 
capable of assuming the responsibilitix 
just described. The exceptions are smal 
shops which have sprung up with the ai- 
vent and universal use of electric ar} 
welding wherein the equipment needed 
if the projects are chosen for the purpos,| 
is hardly more than acetylene torches an 
electric welding machines. This is nota} 
all intended to be a criticism of thes} 
processes but shops capable of fabriett 
ing only by these methods have a reky 
tively small financial investment and har) 
generally been operated without profe 
sional services. If the element of eng} 
neering is eliminated, such organization 
are wholly incapable of being entruste 
with the fabrication of structural ste¢. 





y 


eer peeme, 


~~ 


Drafting Practice as Preparation fot ) 
Consulting Engineering 





In order to maintain such an organist is 
tion, many steel fabricators follow the 
practice of employing young Colle) 
graduates just out of school to begu) 
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work in their drafting departments. Ex- 
perience and the normal turnover in per- 
sonnel which occurs in any organization 
generally allow these men to advance to 
positions of responsibility in a few years. 
At the same time, it is generally neces- 
sary to employ young men of lesser edu- 
eational background who generally come 
under the direction and supervision of 
the Professional Engineers in the organi- 
zation. Engineering graduates who even- 
tually intend to go into the Consulting 
field can find no better background for 
their future professional life than a num- 
ber of years in the drafting department 
of a structural steel fabricator. One con- 
sulting Engineer known to me, who main- 
tains a sizable organization, will not em- 
ploy a young engineering graduate unless 
he has served several years with a struc- 
tural steel fabricator, and this point is 
made to further emphasize the existence 
of engineering practice, responsibilities 
and atmosphere that exist in the making 
of shop drawings. 

The structural steel fabricator does not 
object too strenously to providing a train- 
ing field for engineering graduates who 
intend to go into Consulting Engineering 
work and other allied fields provided he 
ean have these men long enough to 
recover some of the investment he puts 
into them during the first year or year- 
and-one-half of their employment. It 
is difficult to set a time limit which dif- 
ferentiates between inexperience and ex- 
perience in the field of structural drafting 
and naturally opinions vary. However, 
it is generally felt by many steel fabri- 
cators that a college graduate after one 
years employment is then ready to ab- 
sorb good solid experience at a rapid rate 
and could be considered an experienced 
detailer at the end of two or three years 
when under the supervision of Engineers 
who have been in the business a consider- 
able length of time. For the non-college 
graduate, the time schedule would have 
to be multiplied by two or three plus out- 
side study, and such personnel would 
generally not be capable of rising above 
a certain level. Heads of Engineering 


Departments in colleges and universities 
sometimes advise their students in struc- 
tural design to get their first experience 
with a steel fabricating company. I 
know of one individual in this capacity 
who has followed this practice for many 
years. 


Training Problems 


In training engineering graduates, the 
fabricator is confronted with a number 
of problems. One of them which is al- 
most immediate is to eliminate from the 
mind of the new employee any idea that 
he is expected to know anything about 
the steel fabricating business in general 
or about structural drafting in particular. 
I have found that it is a good idea to ad- 
vise him that his engineering degree is evi- 
dence enough that he has studied and has 
been found proficient in the basie courses 
of mathematics, physics, mechanics and 
the basic courses of his engineering major. 
It is also well to advise him that these 
courses comprise his formal education 
and that the fabricator is not equipped 
to carry these on any further on a formal 
basis, but that his education has given 
him the capacity to properly absorb and 
benefit by the experiences which will come 
to him. 

A surprisingly large number of gradu- 
ates will become discouraged and change 
to some other field if they are not given 
assurance such as described, that their 
inability to produce immediately after 
graduation is natural and expected. As 
an overall average, a young engineering 
graduate can .be expected to turn out 
structural shop drawings profitably at the 
end of one year. Even so, he would be 
limited in the type of detailing he could 
do. If the work of the fabricator with 
whom he is connected is of a general 
nature and covers most types of struc- 
tures, he can be expected to become 
rather expert at the end of four or five 
years. To the uninitated, it does not seem 
reasonable that so much time should be 
required, but as pointed out earlier, the 
steel business is of a complex nature 
and in order to reach mature experience, 
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it is necessary to absorb many intangibles 
in addition to mastering the concrete op- 


erations. Although I am sure that the 
engineering schools endeavor to teach 
their engineering students something 


about the steel business as a whole, I still’ 


run into graduates now and then who do 
not have a very clear conception as to 
the difference between a steel fabricator 
and a steel mill. Of course, misconcep- 
tions such as this might be corrected by a 
word or two, but there are literally 
hundreds of such situations and minutiae 
where only time and experience can give 
to a person a quick and easy knowledge. 

Field trips in the senior year in college 
are a great help in fixing in the students 
mind the results of engineering practice 
and in its contribution to society, but 
it is equally important that these trips 
be planned very carefully. The time al- 
loted to these trips, from my observation, 
is usually short and as a result, plant 
or project visitation is hurried and some- 
what ineffective. Plant or project of- 
ficials are usually willing and cooperative 
in giving their time to these field in- 
spection trips, but I know of several in- 
dividuals including myself, who have 
felt that the hurried atmosphere caused 
by a crowded and tight time schedule, 
did not permit a thorough briefing on 
the project or process and as a result, the 
knowledge gained was too cursory to be 
of much value. It is of great interest to 
structural engineering students to see 
engineering structures in the process of 
building, but since steel is the basic ma- 
terial with which a structural engineer 
works, I feel that it is most important 
that a structural engineering major have 
in his field inspection schedule an un- 
hurried trip through a steel mill to see 
where and how steel is made into usable 
shapes, and then go through a steel 
fabricating shop including the drafting 
department, spending enough time to 
actually see how these shapes are made 
into usable structures. I feel that such 
inspection trips as just described are 
actually more important to the structural 
engineering student who does not intend 
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to work for a structural steel fabricator, 
for if he does not avail himself of this 
opportunity while in engineering school, 
the chances are that he will not do gy 
later. 

In starting an engineering graduate in 
structural drafting, one of the problems 
is to each him to read engineering and 
architectural plans. Unfortunately this 
cannot be done in three easy lessons, and 7 
as a matter of fact, this might be the erur 
of the whole matter of structural draft. | 
ing, for if a person can interpret ac | 
curately and in detail engineering and | 
architectural plans, it is much less dif. 7 
ficult for him to convert these interpre. 
tations into shop drawings. Some of the 
most costly errors made on shop drav- 
ings and not discovered until the steel 
erector has endeavored to put the steel 
together on the job, have been caused by 
a misinterpretation of the engineering | 
plans. Sometimes this is carelessness on 
the part of several people, but many | 
times it is due to ignorance of plans, | 
Mark Twain is said to have remarked 
that “a man endowed with ignorance and 
self-confidence is sure of success.” This 
of course was said facetiously and may 
even have some degree of truth for some 
lines of endeavor, but in structural draft- 
ing such a philosophy is certainly false. 
In fact, ignorance or inexperience wil 
come out quickly in the drafting room, 
and the man who tries to bluff his way — 
will be caught before sunset. ‘ 

Starting at the beginning of an engi 
neering education, the foundation of read- 
ing plans and making understandable | 
drawings is laid. I speak of such course | 
as engineering drawing, descriptive ge | 
ometry and the basic courses in mathe | 
maties. Often these courses are touched | 
upon only lightly during the remainder | 
of an engineering curriculum and as 4) 
result are largely forgotten by the student | 
by the time he graduates, only to sul | 
denly find upon obtaining employment, 
that the ghost he rid himself of many /~ 
years before has miraculously come #7 
life again. I know that educators at) 
hard put to squeeze into four years thy 
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bare necessities of an engineering educa- 
tion, but some means should be found 
to keep fresh these basie courses. 


Employing Graduates 


A steel fabricator has a problem when 
it comes to interviewing with reference 
to employment a young man who is about 
to graduate. I have interviewed many 
of these students, who at the time of 
the interview were finishing their senior 
year and were involved in intricate engi- 
neering problems which later would only 
be entrusted to those of long experience. 
I am then confronted with the unpleasant 
task of informing them that to begin in 
the steel busines it is necessary to go back 
four years and take up drafting again. I 
am serious when I say that this comes as 
a shock to four out of five students, and 
more often than not causes the student 
to search in other fields for employment. 
Some people consider drafting one of the 
menial tasks of engineering and if fol- 
lowed without professional knowledge, the 
person may be no more than a stenog- 
rapher of the drafting board, merely put- 
ting down what others dictate. If this 
be true, it must be stated, however, that 
such dictation is not done orally, but is 
transmitted through drawings, and I 
submit to you that an engineer who can- 
not express himself through intelligent 
and legible drawings is in no better posi- 
tion than a doctor who could not put 
down in writing one of his prescriptions 
for others to fill, but would have to go to 
the drugstore and mix it himself. 

In training for structural drafting, 
the best teacher is experience although 
books of standards and outside reading 
are aids. One of the most prevalent 
shortcomings in individuals in this work 
centers around those things taught in 
descriptive geometry and similar courses. 
The Encyclopaedia Britannica is dis- 
sertating on the subject of descriptive ge- 
ometry states that “it is the means by 
which the designer conveys his ideas to 
the builder or mechanic, and has been 
called the universal language of the engi- 
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neer.” Further than that, it tends to de- 
velop in an individual a sense of percep- 
tion which makes it possible for him to 
from and visualize in his mind three di- 
mensional objects taken from what he 
sees drawn on two dimensional paper. 
Some people have this ability as a natural 
aptitude and others have to develop it 
through study and practice, but whether 
acquired or natural, the structural drafts- 
man must somehow achieve an easy and 
comfortable use of this faculty. 

The more advanced structural shop 
drawings are considered such because they 
incorporate some of the more intricate 
phases of descriptive geometry. Under 
this heading is included hip and valley 
work, bins and hoppers, various types of 
storage tanks and numerous other situa- 
tions where steel members are framing at 
angles with each other and in several 
different planes. The usual procedure in 
training draftsmen is a block on top of 
block process beginning with the sim- 
ple and elementary and progressing to- 
wards the intricate and complex. Some 
fabricators, however, who do a specialized 
line of work, are able to get out rather 
involved work utilizing draftsmen of 
limited overall experience by having ex- 
perienced engineers to break the work 
down into component parts which are 
then detailed along formulated lines. De- 
tailers thus trained are often of very 
little value except to those specific types 
of work. 

The larger steel fabricators, especially 
those of national scope, have very defi- 
nite standards which form and control 
the method of preparing shop details. 
These standards will vary from one com- 
pany to another, and although none of 
the basic principles of engineering draw- 
ing will be violated, certain conventional 
methods will be set down which cannot be 
found in any textbook. Smaller fabrica- 
tors have generally taken one of three 
routes; followed the standards set out by 
one of the larger fabricators; developed 
at quite some expense a book of stand- 
ards of their own; used a hodgepodge of 
methods with every newly employed 
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draftsman who has experience elsewhere 


bringing ideas of his own. Smaller 
fabricators in the last category are quite 
numerous and the hardships worked on 


their shops by not having definite stand- 


ards is considerable. 

The business of operating independent 
detailing offices for the purpose of pre- 
paring shop drawings for a number of 
different fabricators is on the increase. 
Fabricators who use these services gen- 
erally maintain a basic drafting depart- 
ment, and then “farm out” to these in- 
dependent agencies such shop drawings 
which are above the capacity of their 
basic drafting unit. Such services are a 
convenience to the fabricator as it keeps 
him from having to expand and contract 
his drafting department according to the 
volume of business he is able to secure. 
Such “farming out,” however, brings up 
the problem of standards and method of 
detailing. The independent detailer may 
be working for a dozen different fabrica- 
tors and he is faced with the dilemma 
of using his own standards or conform- 
ing to a particular fabricator’s standards 
either through study or conference. 

All of this brings me to the point of 
making the statement that the time is 
full ripe for the establishment on a na- 
tional scale of a standard practice of de- 
tailing structural steel and the conven- 
tions pertaining thereto. The American 
Institute of Steel Construction has re- 
cently published a book entitled “Struc- 
tural Shop Drafting, Volume I” which is 
a step towards standardization on a na- 
tional seale. This book is called a “text- 
book” and it is intended to assist in train- 
ing men in the field of structural draft- 
ing, but it does not set down detailing 
practices except in a general way. It is 


my understanding that a Volume IT is to 
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be published later which will establish 
standards and procedures. The succes 
of such a move will depend largely upm F 
the degree of acceptance by the industry, 
and especially by those who have fo A 
years followed well established standards 
of their own. Volume I is authorita. 
tively written and contains enough mate. ) 
rial on structural design to warrant it 7 
being used as a supplementary textbook | 
in senior structural design courses. 
In conclusion it can be said that the 
steel fabricating business occupies om | Uni 
of the pivotal points about which the con- 7 


Cf) 








struction industry revolves and it js 

good that the fabricators have organi. The 
tions directed largely by Registered Pro 7 premrnt 
fessional Engineers who are capable of) ~ dd z 
taking fine engineering designs prepared | oad y 
by Consulting Engineers and convert 7 pect 
ing them faithfully into steel structures, | ‘dealin 


Such work is very satisfying and chal | cieibien 
lenges the best engineering talents. Th sible. 
steel fabricating business offers the young i of Ses 
graduate an authoritative continuation of % oaniiie 
his engineering education, and though it 7 differer 
does not promise him a disproportionate ees ee 
compensation, it does hold for tho © ;), pai 
with ability and a desire to work mamy™ | ..4 4 
oportunities for advancement into th ¢) jap 
executive field. The steel business needs 7 gradua 


and deserves the sharpest men the engi) convom 









neering schools can produce and although F coiveq 
the industry can compete for these men 0 i student 
an equal basis with other fields, students © insight 
have too often been advised that othe” studied 
divisions of engineering were more luct® / |yzer, 
tive. It is hoped that through the mt] ote h, 
dium of such groups as this one, thi) differey 
authoritative information concerning val F the bel 
ous branches of industry can be dissem The 
nated to the students so that they might the use 
make their decisions without prejudice # P analyz 
false impressions. SNon 
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Introduction 


tered Pro. The demonstration of such things as 
capable of dynamics of mechanical systems, statics 
; ' and dynamics of beams, etc., by mechan- 
— ' ical means is often expensive and in- 
truchiel i convenient. The demonstration of such 
: a ures | idealizations as purely dry or purely 
et ed viscous friction is difficult, if at all pos- 
‘a * | sible, by mechanical apparatus. Many 
- yous of these demonstrations are more con- 
nuation d veniently handled by use of an electronic 


differential analyzer and, in general, do 





AP 


though it ~ 
yportionale F ot lose their instructional value. Over 


for thos | the past several years, the authors have 
vork many" used the electronic differential analyzer 
into the © for laboratory instruction in an under- 
ness needs ' graduate instruments course and in a 
1 the eng: servomechanism course and have re- 
d although © ceived enthusiastic response from the 
ese men @ f= students. In addition to providing an 
s, students insight into the behavior of the systems 
that other | studied, setting up the differential ana- 
nore Inert lyzer, arranging the initial conditions, 
sh the m | etc., help the students get a “feel” for 
one, that ' differential equations as expressions of 
rning vat | the behavior of physical systems. 
be dissemt | The purpose of this paper is to describe 
they might > the use of a simple electronic differential 
rejudice 0 F analyzer’ for laboratory instruction and 
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| ‘Another type of electronic computer, 
3 usually called an analogue computer, makes 
| use of inductances, capacitances, and resist- 
ances, connected circuitwise to simulate the 
System under study. See, for example, 
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A Simple Electronic Differential Analyzer as a 
Demonstration and Laboratory Aid to 
Instruction in Engineering 


BY M. H. NICHOLS! AND D. W. HAGELBARGER 2 
University of Michigan College of Engineering, Department of Aeronautical Engineering 


lecture demonstration. Several ex- 
amples will be worked through com- 
pletely and additional possibilities will 
be suggested. Upon sufficient experi- 
ence, the extension of the computer to 
the demonstration of many other en- 
gineering problems becomes apparent. 
Although the apparatus, with the pos- 
sible exception of the recording instru- 
ment, can be duplicated in most college 
shops, space does not permit a complete 
description of each component and a 
detailed description of the use of the 
analyzer. However, such information 
may be obtained in detail by writing to 
the first author and to emphasize this, a 
double asterisk (**) will in the following 
denote some of the topics on which 
detailed information is available. Since 
the fundamental theory of this type of 
computer is well discussed by Ragazzini, 
Randall, and Russell® and by Frost, 
it will not be repeated in this paper.‘ 
The basic component of the analyzer is a 
high gain d.c. amplifier. The amplifiers 
used for the results presented in this 


McCann, Wilts, and Locanthi, IRE, 37, 
954 (1949); McCann and MacNeal, ASME 
Jour. Appl. Mech., 17, 13 (1950) and refer- 
ences thereto. In the case of continuous 
media, the method of difference equations is 
used. 

4It should be mentioned that Ragazzini et 
al. use only the differentiator type of 
amplifier connection, whereas it was later 
found that the integrator type of connection 
is more practical and can be used to accom- 
plish the same results. Frost® discusses 
the connections for integration. 





paper are described by Ragazzini et al.” 
More recently Frost® has described a 
similar amplifier which’ may be more 
advantageous for demonstration pur- 
poses because it provides a higher cur- 
rent output which permits the use of 
a wider variety of recording and observ- 
ing instruments. The recordings pre- 
sented in this paper were made by a 
Bruch Development Company type 
BL202 magnetic pen recorder but a wide 
variety of recording and observing in- 
struments, including cathode ray oscil- 
loscopes can be used. A complete 
description of the auxiliary power sup- 
plies, etc., may be obtained.** 


Type of Systems Which Can Be Handled 
by a Simple Electronic 
Differential Analyzer 


A differential analyzer can be arranged 
to obey the differential equations which 
describe the system to be investigated.» 
With only the basic d.c. amplifier and 
simple condensers and resistors it is easy 
to handle ordinary linear differential 
equations of the type 


(Ap™-* oe Bp*-*"1 + Cp*-*-3 + mr -)y 
= (a + Bp + yp? +---np™)z, (1) 


where p denotes differentiation by the 
independent variable (p™ denotes inte- 
gration), the coefficients A, B, C,---, 
a, B, Y,°*+, ete. are constants, y is the 
dependent variable and z is an arbitrary 
function of the independent variable. 
In many cases, x may be considered as a 
forcing function. It is also easy to 
handle systems of equations of the type 
(1)—i.e., coupled systems with only one 
independent variable but with several 
dependent variables. In the case of the 
differential analyzer described here, the 
independent variable becomes time and 
the variables z and y are voltages. 
Examples of systems which are described 
by equation (1) are simple one dimen- 
sional linear vibration, seismic instru- 
ments,“ linear servo systems, uniform 
thin beams,“:® etc. By using the d.c. 
amplifier in its non-linear range, it is 
possible to handle such things as dry 
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friction, bang-bang controlled seryo: 
etc. By means of more complicate 
devices such as synchronously drive 
switches or potentiometers, servo multi. 
pliers, etc., more complicated differentis| 
equations can be handled: 2: ® but they 
will not be discussed in this paper. 


Use of the High Gain D.C. Amplifier 
to Perform Elementary Operations 


Figures 1A and 1B on page 118 4 
Frost’s paper®) show how the dg. 
amplifier can be used to sum and t 
integrate to a high degree of accuracy i 
the gain of the amplifier is sufficiently 
high. The relations given in connection 





with this figure can be easily proved by 
applying Kirchhoff’s laws to the input 
terminal of the amplifier under the x. 
sumption that the gain of the amplife 
and input resistance to the amplifier ar/ 
both very large.“:® In order to uw! 
the amplifiers as they are connected in| 
Fig. 1 of Frost’s paper, it is necessary that 
the output voltage be opposite in polarity | 
from the input, otherwise the feed back} 
connection would represent an unstable 
system. It is also possible to diffe.’ 
entiate™ but this is generally nj 
practical because of the resultant an- 
plification of stray 60-cycle pick-up and 
the instability resulting from phase-shitt | 
characteristics of the amplifiers at high’ 
frequencies. 

A general arrangement of amplifies) 
which obeys equation (1) with positive) 
coefficients is shown in Fig. 1, in whici) 
the condensers are all taken as one micro 
farad for convenience, and all resistors) 
as are in units of megohms.® In partt 
cular cases, there are alternative connet- 
tions which sometimes make possible the 
elimination of one or more amplifiers, 
but Fig. 1 can be used as a guide for 
setting up the problem. The following 


5In the case of negative coefficients, the 
appropriate connections should be ¢ 
from bus (1) to bus (2) or vice versa. ‘That 
the arrangement of amplifiers in Fig ? 
satisfies equation (1) can be shown by apply 
ing Kirchhoff’s current law to the junctio 
+659? 
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Fic. 1. General arrangement of amplifiers which obeys equation (1) with positive 
coefficients. All capacitors and resistors are in units of microfarads and megohms, re- 


spectively. 


examples will illustrate the arrangement 
for some common engineering problems 
and will show how initial conditions are 
handled. 


Examples 


Example 1. One Degree of Freedom 


Vibration. 


Consider the spring, mass, and viscous 
damper system represented by Fig. 23 on 
page 34 of reference (4). Let a force 
a(t) act on the mass. Then equation (1) 
for this case becomes 


(Ap? + Bp + C)y = x(t), (2) 


where A represents the mass, B the 
viscous damping coefficient and C the 
spring constant,a = 1,8 =y =6 =0. 
Referring to Fig. 1, it is seen that in this 
case amplifiers A,, A3, As, etc. are not 
used—i.e., only amplifiers As, As, Ae, 
and A; are used. It is also possible, and 


sometimes convenient for varying the 
parameters—i.e., mass, damping, and 
Spring constant—to make the resistors 


1/A, 1/B, etc. some nominal value, say 
one megohm, and to put a voltage 
divider of around 50,000 ohms total 
resistance across the outputs of amplifiers 
A4, Ae, and Ag so that the proper fraction 
of the output of these amplifiers can be 
fed back to the junction J.** The forc- 
ing function z(t) may take the form of a 
step function voltage or a sinusoidal 
voltage both of which can be easily 
produced, the first by a battery and a 
switch and the second by simple electro- 
mechanical or electrical means.** Vari- 
ous sinusoidal frequencies can be com- 
bined for a Fourier series synthesis of 
z(t) etc.® 

6 It should be mentioned that by using the 
proper feedback connection it is possible to 
handle equation (2) with only three amplifiers 
instead of the four indicated by Fig. 1.** 
Also, if B > 0 then it is possible to handle 
equation (2) with only one amplifier by means 
of added associated resistors and condensers 
(2).** This latter is essentially a combina- 
tion of differential analyzer and analogue 
computer, 
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Initial conditions can be easily inserted 
by means of batteries and switches which 
are opened at time t = &.** In the case 
under consideration the initial condition 
yo can be inserted by connecting a 
battery of voltage yo, by means of a 
switch (or relay), across the feed back 
condenser of Ag.** If yo is positive, the 
positive terminal of the battery should 
be connected to the output terminal of 
As. The initial condition on (dy/dt),, 
is applied in the same manner. Figure 
2 is a photograph of a four amplifier unit 
connected to obey equation (2). The 
chassis on the left is an electromechanical 
sine wave generator constructed from a 
synchronous motor and a war surplus 
selsyn generator.** The initial condi- 
tion relays are fastened to the top of the 
two feed back condensers which appear 
on the lower right side of the photograph. 
By proper adjustment of the input and 
feedback elements it is possible to change 
the time scale for more convenient ob- 
servation of the output and to change 
the voltage level in the amplifiers for 
operation in the optimum voltage 
range.** 

By using the computer connection 
from Fig. 1 it is easy to run off the steady 
state response for various values of the 
damping ratio as a function of various 
sinusoidal forcing frequencies giving 
both amplitude and phase response.** 






Fic. 2. Photograph of a four amplifier unit set up to obey equation (2) with an 
electromechanically generated sinusoidal forcing function. 
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Also various transient effects can }j 
easily handled.** 


Example 2. 
Friction. 


Spring and Mass with Dy 


This is a non-linear problem® yy 
cannot be handled by Fig. 1 but w 
easily be handled by making use of th 





saturation characteristic of the amp) 
fier.** This can be done by using typ 
same amplifier connection as for equatial 
(2) except that the feed back resistor 1) 
should be about 50,000 ohms and thi 
feed back resistor from output to input) 
A» should be about 30 megohms. Thi 
causes amplifier Ae to saturate and thy 
to put out a square voltage wave whit 
changes sign each time the velocity, if 
changes sign thereby representing a dr 
friction force. A voltage divider (i 
about 50,000 ohms total resistance) cu 
be put across the output of amplifier 4, 
in order that the desired amount of dy 
friction force can be fed into A, | 
a forcing function is desired, minus z{ 








can be fed through the resistance 1/a 
into A, Actually this connection 0 
amplifier Az results in a square war 
which is not symmetric about the suf 
voltage level. This defect can be recti-) 
fied by the proper connection of a) 
additional amplifier.** In most cass} 
this asymmetry causes no trouble 
cause its effect may be considered as! 
constant displacement of the system. 






























Fic. 
compare: 
friction | 


characte 


Figur 
ing of 
spring a 
as com) 
viscous 
and vis 
steady s 


| the met 


! Ezampl 


From 
fundam 
linear s 
put dai 
integral 


| (Ap + 


where y 
angle, . 
B=L 
unit er 
torque 
torque | 


cts can ly 


88 with Dn 


blem alt 
1 but cw 
r use of th 


PRINTED IN U.S.A. 








velocity, if 
nting a dnp 
divider (i) 
stance) ca 
amplifier 4; 
ount of dry 
nto Ay Ii 
- minus 2{ 
istance 1/a 
nection 4 
yuare ware 
ut the zen! 
an be rect 
tion of a) 
most cass 

trouble be 

idered as! 


system. 





characteristic. 


Figure 3 is a reproduction of a record- 
ing of a step function response of a 
spring and mass system with dry friction 
as compared to the same system with 
viscous friction. Combinations of dry 
and viscous friction in both transient and 

steady state can be handled by combining 
| the methods of example 1 and example 2. 





Ezample 3. Servomechanism. 


ar 
a 






- From reference (5) page 177, the 
; fundamental differential equation for a 
linear servomechanism with viscous out- 
put damping, error rate damping, and 
integral control may be written: 


(Ap + B + Cp + Dp~)y 
= (@ + Bp'+yp)z, (3) 


where y is the output angle, x the input 
angle, A the output moment of inertia, 
B=L+F (where L is the torque per 
unit error rate and F is the friction 
torque per unit output rate), C the 
torque per unit error angle, D the torque 
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Fic. 3. Step function response of a mass and spring system with dry friction, top, as 
compared to the same system with viscous friction, bottom. 
friction force applied through the saturable amplifier; the overshoot is due to the recorder 


The middle record is the dry 


per unit time integral of error, a = L, 
B=C,y =D. This is directly handled 
by Fig. 1. 

* As an example, the response of a 
servomechanism to a ramp input function 
—i.e., the input function, z(t), is a linear 
function of time starting at zero at time 
zero—will be investigated. Many ways 
of generating such a ramp function will 
be obvious, but a convenient one con- 
sisting of a single amplifier connected to 
integrate a constant voltage—i.e., to 
integrate a velocity step function—was 
used for thisexample.** The ramp func- 
tion output was connected into the 
circuit derived from Fig. 1, which obeys 
equation (3), at the z(¢) terminals. The 
quantity — y is taken off the output of 
A, and z is taken from the z(¢) terminal. 
If it is desired to obtain the output error 
y — xz, the output of Az is added by 
a summing amplifier? to the ramp 
function voltage at x(t).** The output 


of the.summing amplifier is y — 2. 











Fia. 4. Error between the output and the 
input of a servomechanism for a ramp function 
input. The top trace is the ramp function 
input; the next to top is the output error with 
viscous output damping; the next to bottom 
is output error with viscous output damping 
and error rate feed back; and the bottom is 
output error with viscous output damping, 
error rate feed back, and error integral feed 
back. All cases are critically damped. 
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Thus eight amplifiers are requir 
Alternative connections can be works 
out.** 

Figure 4 is made up of recordings fy 
three different combinations of pan, 
meters. In this figure the ramp functin) 
z(t) is recorded and the output em 
y — x is recorded for each case. Ty 
latter is recorded with ten times th 
sensitivity of the former. The thr 
cases are: Case I, A=, Cs} 


= 0.1, F = 1, L = 0, D = 0; Cawip 
A=\%, C=1, #=01, Fsk 
L=%, D=0; Case III, A=¥ 
C=1, ¢=01, F=% Ls 
D =. Since in each case F + I =| 


and AC = 4, the damping is alway 
critical. It is interesting to note thy 
the addition of rate feed back halves 
steady state error and that the furthe) 
addition of integral control reduces th 
steady state error to zero. 

It should be pointed out that th 
differential equation for a seismic instn- 
ment can be written in a fom 
identical to equation (3) in which onh) 
error and rate control are applied—ie) 





D=vy=0. In this case y(t) is th 
coordinate of the seismically supportel” 
mass and z(t) is the coordinate of th) 
support of the seismic instrument. Th 
reading of the instrument is y — z. On) 
dimensional vibration isolation problem 
(see reference (4) page 85) can be handki 
in a similar way. Such things as dy) 
friction and bang-bang control in serv 
mechanisms can be handled by a 
saturation of the amplifiers as discuss!” 
in example 2. 





Example 4. Coupled Systems—The Dy 
namic Vibration Absorber. 


In order to handle linear coupki 
systems with one independent variable) 
the computer may be set up for eat) 
dependent variable in accordance wily 
Fig. 1. Then the necessary cross cry 
nections are made. As an example 0) 
coupled systems, the problem of ty 
damped vibration absorber will ® 
treated. From reference (4) page ! 
the differential equations of the sys 
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with a sinusoidal forcing function can be 
written: 


(Ayp? + Byp + Ci + Crw)y ; 
— (Byp + Ciz)y2 = Po sinwt, 


— (Byup + Cir)y 
+ (Azp? + Bip + Cis)y2 = 0, 


(4) 


(5) 


where subscript 1 refers to the main 
mass, subscript 2 to the small mass, and 
By. and C2 represent coupling terms. 
From Fig. 1 a computer set up is made 
for y: (without the coupling terms) con- 
sisting of amplifiers Az,” As, Ag, 
and As. A similar set up consisting 
of A2,® As, As, and As® is made 
for yz A forcing function Po sinwt 
is inserted at the 2, terminals. A 
resistance of value 1/C\2 is connected 
between the output of As® and input 
of A,“ and another resistance 1/Ci2 
between the output of As and the 
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input of A. A resistance of value 
1/B,2 is connected between the output 
of A, and the input of A,® and 
another resistance 1/Bi2 between the 
output of A,® and the input of Ay. 
This completes the set up. 

By way of illustration, the damped 
dynamic vibration absorber discussed in 
the example in reference (4) page 128, 
will be simulated with C,. = 8.4 lb./in. 
and Bi. = 0.054 lb. sec./in. It turns 
out that with these values it is desirable 
to change the independent variable to a 
new time scale 7 such that 7 = 25¢ and 
to divide the equation through by 100.** 
This gives in terms of megohms using 
slugs, feet, and seconds: 1/A; = 0.515, 
1/(C; + C2) ™ 0.0757, 1/A2 7 5.15, 
1/Bi2 = 6.17, 1/Ci. = 0.992. Figure 5 
shows the steady state response of this 
system to a forcing function of 53 radians 
per second with equal sensitivity in each 










CHART 


NO. BL 909 





Fic. 5. Response of the damped vibration absorber to a sinusoidal forcing function. The 
‘op record is the forcing function, the center record is the deflection of the small mass and the 
bottom record is the deflection of the large mass. All the records were taken with the same 


sensitivity. 
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Fic. 6. Five trial solutions for the deflection of a uniform beam with uniform load hinged 
at the ends obtained by successive increases in V4. 
The fifth trial gives the proper solution because the 7’’ and y are zero simul | 


ones of y’’. 
taneously. 


channel of the recorder. The ratio of 
the amplitude of y: to Po from Fig. 5 is 
2.9/8.0 = 0.36. Since this response was 
obtained with one unit of Po/100—i.e., 
with 100 units of Po—the true deflection 
of the main mass is 0.36/100 = 0.0036 
feet which is in agreement with the result 
of reference (4) page 128. 


Example 5. Boundary Value Problems— 
The Thin Uniform Beam with Static 
Uniform Load 


One of the fields in which the differ- 
ential analyzer is of particular practical 
use is the solution of boundary value 
problems. Also the method used is 
illustrative of numerical methods of ob- 
taining solutions to boundary value 
problems which can not be solved con- 
veniently in analytical form. As an 
illustration, the thin uniform beam with 
static uniform loading and with both 
ends hinged will be treated. From 
reference (4) page 179, the differential 
equation for this case can be written 


Apty = W, (6) 


where A = EI, y is the deflection of the 
beam, p denotes differentiation with 
respect to the distance x along the beam, 
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The upper records are of y and the lowe © 


and W is the load per unit length. The 
end conditions are y(0) = y(Z) = y'(0) 
= y’(L) = 0, where L is the length of © 
the beam. A convenient method of 7 
getting a solution which satisfies these | 
end conditions is to arrange a computer | 
to obey equation (6) in which the inde- F 
pendent variable becomes time ¢. The | 
conditions y(0) = y’’(0) = 0 are imposed | 
by means of switches and the ratio of [ 
y’(0) to y’’’(0) is varied until at some 
later time TJ, the conditions y(Z) 7 
= y’(T) = Oare satisfied. This thenis 7 
a solution for the case of both ends 
hinged. 

A computer arrangement which obeys 4 
equation (6) follows directly from Fig.! | 
in which B=C=D=E=£ =y=i 
= 0 so that the arrangement consists 
only of amplifiers Az, A4, Ae, As, Aw and § 
Aj. Actually, it is possible to use only F 
four amplifiers if properly connected.” 
Initial conditions are imposed by means 
of switches which short circuit the feed 
back condenser of amplifiers As and Ax: 
the outputs of which are y” and 4, 
respectively, and by switches which f 
connect a battery of voltage V. acros § 
the feed back condenser of Ae and 4 & 
voltage of value Vs across the condenser § 
of Ai the outputs of which are — y" 
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and —y’, respectively. All four 
switches are opened simultaneously at 
time t = 0. The input at the x(t) ter- 
minals of Fig. 1 is a voltage of some 
convenient value V. The voltage V, is 
then varied and solutions tried until a 
solution which satisfies the end condi- 
tions at some later time T is obtained. 
Figure 6 is a recording of y and y” for 
five trial solutions obtained by successive 
settings of Va. The fifth trial satisfies 
the end conditions. Fig. 7 is a recording 
of y, y’, y” and y’” for the correct 
solution. 

In order to obtain numerical results 
for a particular problem it is necessary 
to obtain a relation between the com- 


620 


puter length T and the actual length LZ 
by making the substitution ¢ = Tz/L. 
The relation is **: W/EI = (T4/LA4)V, 
where V =the input voltage to the 
computer and with 1/a = 1 megohm. 
Corresponding to any point ¢ in the 
computer solution the bending moment 
is given by EI(T?/L*)y” and the shear 
force by EI(T?/L*)y’”’. Since the prob- 
lem is linear, the displacement, bending 
moment, etc., can be determined from 
any loading by simply multiplying the 
corresponding quantities from the com- 
puter solution by the ratio of the desired 
loading to the computer solution loading 
calculated from the above relation be- 
tween W and V. A convenient way to 








Fic. 7. Recording of y, y’, y’, and y’” for a uniform beam with uniform load 
hinged at the ends. 
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determine the values of y, y’, y’’ and y’” 
from the computer solution is to apply 
the voltage V directly to each channel of 
the recorder and thus determine the 
deflection, R,, in each channel produced 
by the voltage V. Then the values of 
y, y’, y”, and y’” are the corresponding 
deflections divided by the R, for the 
respective channel. As an example, 
consider the recordings of Fig. 7. For 
the y channel R, = 6.0. From Fig. 7 
the maximum deflection of y is about 
fourteen units. Thus ymax = 14/6.0 
= 2.3 units. Also from the figure, 
T = 3.66 seconds. Hence, from above 
W = 180 EI/L‘. Suppose that the 
problem to be solved is for a beam with 
L=1, EI =1 and W=1. Thus the 
computer solution corresponds’ to 
W = 180. Hence, the value of ymax for 
W = 1 is 2.3/180 = 0.013 units. From 
reference (7), page 121, the corresponding 
calculated value is 5/38.4 = 0.013. 
Similarly for the y” channel, R, = 5.6 and 
from the record 1.5 ymax = 15. Hence, 
ymax = 15/(1.5 X 5.6) = 1.8 units. 
Thus the maximum bending moment 
Minex = EI(T?/L*)y"max = 24 which, as 
before, corresponds to W = 180. For 
W =1, Mmex = 24/180 = 0.13. From 
reference (7) page 121 the corresponding 
value is 1/8. 

It should be pointed out that it is 
always possible to adjust the input 
voltage V (or the resistance 1/a), each 
time adjusting the ratio of the two un- 
specified initial voltages until the end 
conditions are satisfied, so that the 
computer length 7 is numerically equal 
to the actual length Z (or to any other 
specified value). Other means of sup- 
porting the beam such as cantilever, 
clamped-clamped, etc., can be investi- 
gated simply by imposing the proper end 
conditions. It is also easy to obtain the 


normal modes of vibrations of beams. ** 





- demonstrated.** 
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Conclusion 


Many examples of engineering prob- 
lems such as consecutive reactions,® 
radioactive decay, etc., can be easily 
There are also a few 
simple precautions which must be ob- 
served in order to obtain accurate and 
reliable results.** 

The authors are indebted to Professor 
C. E. Howe of Oberlin College, who, 
while at the University of Michigan, 
worked out many computer connections 
and ran many records some of which are 
included in this paper. The authors 
are also indebted to Professor L. L. 
Rauch of the University of Michigan, 
for criticism of the manuscript and for 
assistance in the preparation of the 
manuscript. 
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TIMELY TIPS 


Wave Velocities Above the Velocity of Sound 


By R. C. BINDER 
Professor of Mechanical Engineering, Purdue University 


In various courses involving the flow of 
a compressible fluid there may arise a 
pedagogical problem concerning the ve- 
locity of a pressure wave. For example, 
students may ask if a pressure wave can 
move faster than the velocity of sound. 
An instructor, particularly in an under- 
graduate course, may like to have avail- 
able a relatively simple and _ short 
quantitative analysis to answer questions 
of this sort. The following discussion 
outlines a quantitative study which does 
not involve differential equations. This 
study may be of help to instructors 
confronted with this pedagogical prob- 
lem. 

Imagine a cylindrical tube with rigid 


Pressure Wave 
ee 


walls filled with a gas initially at rest, as 
illustrated in Fig. 1a. It will be assumed 
that the motion is one-dimensional, with 
no heat transfer, and no friction. Pic- 
ture the pressure wave caused by the 
motion of the piston to the right in the 
tube. The piston moves with the veloc- 
ity V2; just ahead of the piston the gas 
static pressure is pe Some distance 
ahead of the piston the gas is at rest, the 
velocity V; is zero, and the static 
pressure is 71. 

There is a pressure wave travelling to 
the right with the velocity a because of 
the motion of the piston. Across this 
compression wave there is a sudden 
change in static pressure from p2 to pi. 
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Fia. 1. Notation for pressure wave study. 
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WAVE VELOCITIES ABOVE VELOCITY OF SOUND 
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Fic. 2. Wave velocity ratio versus pressure ratio, for k = 1.4. 


Figure 1a illustrates the pressure wave at 
a certain instant at a certain position in 
the tube. Picture an observer moving 
along with the wave, as illustrated in 
Fig. lb. The same relative motion can 
be obtained by superimposing the veloc- 
ity — a on the flow shown in Fig. la. 

In Fig. 1b the gas approaches the com- 
pression wave with a velocity a to the 
left, a static pressure pi, and a density 
p:1. After the wave the velocity is 
(a — V2), the pressure is ps, and the 
density is ps. Let A represent the cross- 
sectional area of the tube. 

The equation of continuity becomes 


Aap; = Ap2(a — V2). (1) 


The momentum or dynamic equation 
gives 


(p: — p2)A = Apia[(a — V2) — a]. (2) 
The energy equation gives 


(a—V2)?—a@ k (2 bs | 


2 k-1 


where k is the ratio of specific heats. 


Equation (1) can be employed to give 
an expression for p2 that can be substi- 
tuted in Equation (3). Equation (2) can 
be used to give an expression for V; 
which can be substituted in Equation 


(3). Let wie 
Ci = J 
Pi 


The final result of eliminating p2 and V2is 


—=(—+4+()(——)). @ 
Consider first the special case in which 
p2/p: equals 1. Then Equation (4) 
shows that a=c,. The velocity ¢: 18 
variously called the ‘‘acoustic” velocity 


or the velocity of ‘‘sound” for the gas 
having a density p: and a static pressure 


le 

We could say that the pressure change 
is infinitesimal across a pressure wave 
moving with the acoustic velocity. If 
the pressure change pz — 7: is finite, 
however, the velocity of the compression 
wave is higher than the acoustic velocity. 
This fact is demonstrated by the plot in 
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Fig. 2 showing the velocity ratio a/c, as a 
function of p2/pi. At the higher pressure 
ratios the velocity a is considerably higher 
than the acoustic velocity c:. In other 
words, we could say that the acoustic 
velocity is the lowest velocity of a com- 
pression wave. 

A qualitative illustration can be pro- 
vided by studying a blunt nose projectile 


moving through air at a supersonic speed. 
Ahead of the nose of the projectile is a 
normal compression shock (part of the 
bow wave) which is moving with the 
speed of the projectile. This compres- 
sion wave moves at a speed higher than 
the velocity of sound. Across the com- 
pression wave there is a finite change in 
pressure. 


Formulas for the Center of Hydrostatic Pressure 


By GEORGE P. LOWEKE 
Assistant Professor of Engineering Mechanics, Wayne University 


The determination of the vertical 
location of the center of pressure on 
plane surfaces is usually the only formula 
derived in textbooks on hydraulics and 
fluid mechanics. Little attention is 
given to the determination of the lateral 
location. This can be determined from 
a median line, if one exists, or from the 
symmetry of the figures which are ordi- 
narily encountered in engineering. No 
formula is therefore offered for locating 
the center of pressure laterally as is done 
in the vertical determination of this 
point. In cases where the fiugres are not 
symmetircal, however, the engineer usu- 
ally has only one recourse, that is to 
proceed from the beginning of the prob- 
lem by determining a pressure moment 
by integration. It is interesting to note 
that the horizontal and vertical location 
of the center of pressure can be found 
from formulas that are essentially the 
same, and could always be treated to- 
gether when teaching the subject rather 
than to consider the lateral location as a 
separate problem. 

The formula for the vertical location of 
the center of pressure, as derived in all 
texts treating the subject, is, 


A 
= 5a’ 
where ¢; is the location of the center of 
pressure below the centroid of the area, 


&y 


I; is the second moment of the area about 
an axis through the centroid parallel to 
the surface of the liquid, and 7A is the 
first moment of the area about an axis in 
the plane of the area and lying in the 
surface of the liquid. 

The location of the center of pressure 


laterally is defined by the equation 
M 
Xen. = F’ 


where M is the pressure moment taken 
about any vertical axis and F is the 
hydrostatic force on the plane. For an 
inclined plane as shown in Fig. 1, 
integrating over the area, gives 


ff wyx sin 6 dy dz, 


w sin 6 Izy, 


M 


where I, is the product of inertia of the 
area about the z and y axes. Also 


wsind ff vdyar, 


w sin OYA. 


F 


II 


By definition 


x _ wsinOley — Izy 
“Pp: “wsin@gA GA 





This form can be reduced by the paral- 
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Fic. 1. Showing the vertical and horizontal location of the center of pressure on a 
submerged plane area by analogous formulas. 


lel axis theorem, since 
I, = Ixy + Z9A, 


where Jz; is the product of inertia about 
parallel axes through the centroid of the 
immersed plate at distance Z, 7 from the 
original axes. 
Then 
x, = tA Ta 
C.p. GA gA 
Putting X..p. — = e; the lateral dis- 
placement of the center of pressure from 
the centroid is 


+ Z. 


Dems 
y 
gE = — 


= 5A 


The similarity of the equations for ¢; 
and ¢; establishes uniformity in the com- 
putation of these quantities and makes 
it easier for the student to retain the 
whole concept. The quantity J; is 
usually obtainable form handbooks. In 
cases where Jz; cannot be readily ob- 
tained, this method permits the compu- 
tation of the center of pressure entirely 
by the use of standard techniques easily 
obtainable in all standard works on 
elementary mechanics. When the sub- 
merged plane figure is symmetrical about 
a vertical axis, the product of inertia 
about axes through the centroid is zero, 
in which case ez becomes zero. 
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Dear Professor Bronwell: 

I was interested to note under “Candid 
Comments” in the March issue of the 
Journat an article by Professor Snader 
of Norwich University entitled “The 
First Engineering School.” 

We all realize that Americans have a 
remarkable propensity for claiming 
firsts, biggests, bests, ete., in practically 
all fields of man’s endeavors. Therefore 
it was with a mixed feeling of amuse- 
ment and injured pride that I read the 
elaim that Norwich was the first edu- 
eational institution in the country to 
teach civil engineering. It so happens, 
that this distinction—claimed by both 
Rensselaer and Norwich—actually goes 
back before either of these institutions 
were founded, to the United States Mili- 
tary Academy at West Point. 

Founded in 1802 by an Act of Con- 
gress, West Point was initially a school 
for Engineers and Artillerists. How- 
ever, without adequate support, it strug- 
gled along as best it could until the War 
of 1812 suddenly focussed the attention 
of the Congress on the Military Academy. 
An Act was passed in April of 1812 re- 
organizing the Academy and establish- 
ing among others, the Professorship of 
Engineering. It is interesting to note 


Candid Comments 





that Alden Partridge (who founded 
Norwich in 1820) graduated from West 
Point in 1806, was Professor of Engi- 
neering there from 1813-15, and then 
was Superintendent until 1817. 

Joseph Gardner Swift, the first gradu- 
ate of West Point (Class of 1802) re- 
signed from the service in 1818 to become 
a distinguised civil engineer. Other 
early graduates who became civil engi- 
neers, included W. G. MeNeill, Class of 
1817; Andrew Talcott 1818, Jonathan 
Prescott, and Charles Dimmock of the 
Class of 1821, 5 graduates in 1822, 2 in 
1823 and 4 in 1824. To bear out fur- 
ther the fact that even in those early 
days, West Point produced something 
besides soldiers (and engineers), con- 
sider the following: Horace Webster, of 
the Class of 1818 was President of Col- 
lege, City of New York from its found- 
ing in 1848 until 1869. Edward H. 
Courtenay, Class of 1821, was for eleven 
years, the Professor of Mathematics at 
the University of Virginia. Thomas R. 
Ingalls, Class of 1822, was President of 
Jefferson College, in Louisiana. 

Yours sincerely, 
Exvin R. HEIBerG, 
Colonel, USA, 
Professor of Mechanics 


1951 Oak Ridge Summer Symposium 


“The Role of Engineering in Nuclear 
Development,” sponsored jointly by the 
Oak Ridge National Laboratory and 
Oak Ridge Institute of Nuclear Studies. 
Oak Ridge, Tenn., August 27-September 
7, 1951. For information write 
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University Relations Division, 
Oak Ridge Institute of 
Nuclear Studies, Inc., 

P. ©. Box 13%, 
Oak Ridge, Tenn. 
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 AcceLeR, CeciL J., Instructor in Engineer- 
ing, City College of San Francisco, San 
Francisco, Calif. A. E. Edstrom, H. R. 
Edmison. 

AutEN, JoHN E., Professor and Head, 
Geology Dept., New Mexico School of 
Mines, Socorro, N. Mex. J. A. Schufle, 
M. F. Stubbs. 

» Averitt, WiILLIAM K., Assistant Professor 

of Chemical Engineering, Southwestern 

Louisiana Institute, Lafayette, La. H. R. 

: Mason, F. W. ZurBurg. 

| BorNEMANN, ALFRED, Professor of Metal- 

| lurgy, Stevens Institute of Technology, 

Hoboken, N. J. R. O. Vuilleumier, 

» K. J. Moser. 

Bore, GRANT K., Assistant Professor of 

Civil Engineering, University of Utah, 
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Sloane. 

'BREDENDIECK, HinricH, Assistant Profes- 

| sor, Institute of Design, Illinois Institute 
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Grinter. 

P Burter, Epwarp W., Director, Radio Divi- 
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Sasin. 

‘COLEMAN, JOHN B., Associate Professor of 
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New Members 


DuRAND, JAcK A., Instructor in Aeronauti- 
cal Engineering, Parks College of Aero. 
Tech., East St. Louis, Illinois. N. C. 
Beck, D. H. Webber. 

EIKNER, DoNALD E., University Relations, 
Westinghouse Electric Corp., East Pitts- 
burgh, Pa. J. C. McKeon, Guy Kleis. 
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Hoover, WILLIAM G., Associate Professor 
of Electrical Engineering, Stanford Uni- 
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versity, Stanford, Calif. H. Skilling, 
B. M. Green. 
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Technology, East St. Louis, Ill. N..C. 
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WHITTINGTON, Harry K., Assistant Profes- 
sor of Diesel Engineering, School of 
Technology, University of Houston, Hous- 
ton, Texas. M. L. Ray, H. E. Me- 
Callick. 

WIENER, WILLIAM K., Senior Instructor, 
Automotive Dept., School of Technology, 
University of Houston, Houston, Texas. 
J. E. Hoff, H. E. MeCallick. 

WILLSON, WiLLIAM H., Director of Ref. & 
Air. Cond., School of Technology, Uni- 
versity of Houston, Houston, Texas. 
M. L. Ray, H. E. McCallick. 

WiLson, Henry C., Head of Radio Dept., 
School of Technology, University of 
Houston, Houston, Texas. M. L. Ray, 
H. E. McCallick. 

WINTERKORN, Hans F., Associate Professor 
of Civil Engineering, Princeton Univer- 
sity, Princeton, N. J. Harry Rubey, P. 
Kissam. 

WISLICENUS, GEORGE F., Professor and 
Head, Mechanical Engineering Dept., The 
Johns Hopkins University, Baltimore, Md. 
J. T. Thompson, W. C. Boyer. 

ZOLLER, J. HAROLD, Assistant Professor of 
Civil Engineering, University of Wyo- 
ming, Laramie, Wyoming. H. T. Person, 
E. J. Lindahl. 
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College Notes 


knowledge and broader concepts of 
their chosen field of scientific activity. 
Three Departments—Ceramic Engineer- 
ing, Chemical Engineering, and Electrical 
Engineering—will each offer a full pro- 
gram of graduate courses, and advanced 
work in Mathematics and Physics will 
also be available. In aseries of three such 
summer sessions, a complete and inte- 
grated program is achieved, fulfilling all 
requirements for an M.S. degree in these 
three fields. Credits may also be ap- 
plied toward a Ph.D. degree, and are 
transferable. 
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TIMOSHENKO AND MacCULLOUGH’S 3RD EDITION 
Elements of Strength of Materials 


By Stephen Timoshenko and Gleason H. MacCullough. Many 
revisions, additions and new illustrations in this 3rd edition which in- 
cludes partial or complete answers to all problems. 426 pp., 6x 9, 
Illustrated, $5.00 








Introduction To The Gas Turbine 


By Dennis G. Shepherd. Material covers gas turbines generally, 
and is useful for all applications, not just aircraft, as in much existing 
literature. 387 pp., 834 x 514, Cloth, Illustrated, $5.00 











Applied Mechanics—tTwo Volumes 


By George W. Housner and Donald E. Hudson. VOL. I. STATICS 
—For sophomore course with freshman physics and mathematics as 
prerequisites. 220 pp., 6 x 9, Cloth, Illustrated, $3.50. VOL. II. 
DYNAMICS—Designed for junior course. Contains chapters on ad- 
vance dynamics making it also suitable for senior or graduate stu- 
dents. 295 pp., 6 x 9, Illustrated, $4.50 


e e e 
Engineering Mechanics 
By Glen Cox. For all engineering students on undergraduate level. 


Many sets of problems, 40% with answers for student checking. 301 
pp., 6 x 9, Cleth, Illustrated, $4.00 


Cox and Germano’s Fluid Mechanics 


By Glen Cox and F. J. Germano. Designed for electrical, aero- 
nautical, petroleum and mechanical engineering students with empha- 
sis on practical problems encountered in the industrial field. 274 pp. 
6 x 9, Cloth, Illustrated, $4.00 


If You Teach or Direct These Courses 
EXAMINATION COPIES Are Available to You 
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PUBLISHERS SINCE 1848 
259 FOURTH AVENUE NEW YORK 3, NEW-YORK 





Fitted to 1951 teaching needs .. . 


PRINCIPLES of ELECTRICAL ENGINEERING, 4th Edition 


By W.H. Truss, The Massachusetts Institute of Technology, 
and VANNEVAR Busu, Carnegie Institution of Washington, 
Assisted by Georce B. Hoan ey, North Carolina State | 
College. A thoroughly revised study of the experimental | 
and theoretical facts on which the important methods of | 
electrical engineering are based. As in the widely-used third 
edition, the authors emphasize the aspects of mathematical 
physics which are directly relevant to electrical engineering. 
More than 500 problems require the student to apply the 
theory to both communication and power problems. 


Some of the more important improvements in the fourth 
edition are: a chapter on alternating-current circuits has 
been added; three unit-systems—English, cgs, and rmks—are 
used and explained in the book, so that the student can shift 
freely from one to another; the chapter on “The Simplifica- 
tion of Electric Networks’’ has been completely rewritten. 
Ready in June. Approx. 608 pages. Prob. $6.50. 


PRODUCTION FORECASTING, PLANNING, and CONTROL 


By E. H. Mac Niece, Director of Quality Control, Johnson 
€F Johnson. This is the first book to treat these three in- 
separable factors of production in an elementary, integrated 
way. The author reduces operating methods and techniques 
to a set of principles, then illustrates these principles with 
specific examples. Mr. Mac Niece has used this material 
in teaching classes at Rutgers University for several years. 


1951. 305 pages. $5.50. 


SIMPLIFIED MECHANICS and STRENGTH of MATERIALS 


By Harry Parker, University of Pennsyloania. Thisisthe | 
newest book in the Parker “Simplified Series.” It isintend- | 
ed for a basic course: it requires no mathematics beyond 
algebra; a major part of the book is devoted to illustrative 
examples, followed by similar problems for the student to 
work out; no other books are required, because all necessary 
tables are included. Ready in June. Approx. 279 pages. 
Prob. $4.00. 


Send for copies on approval 
JOHN WILEY & SONS, Inc. 440 Fourth Ave. New York 16, .Y. 








